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ITHE BLUE PAGES 





@ NOVEL CUTTING TORCH 


A new cutting torch to be oper- 
ated on petrol and oxygen has been 
developed, and according to the 
claims of its inventor, this torch 
will give superior economy over 


A QUICK GLANCE AT THE LATEST 
TECHNICAL DEVELOPMENTS 
THROUGHOUT 


TRE: WORLD 





the acetylene-type torch when ap- 

plied to cutting, brazing, scarfing, and similar 
work. Owing to its oxidising action, it is not, 
however, suitable for fusion-welding. The torch 
is described as being similar to current types of gas 
torches as far as style and operation are con- 
cerned, but its operating principle is fundament- 
ally different. Liquid petrol under small positive 
pressure is introduced into the head of the torch, 
where it forms a fine spray in the low-pressure 
oxygen stream. The mixture entering the tip of 
the torch thus consists of liquid petrol, petrol 
vapour, and oxygen. The tip acts as a heat 
exchanger by absorbing heat from the cutting 
flame and conducting it to the interior of the tip, 
whence it is transferred to the combustible mixture. 
As a result, a homogeneous mixture of vapour and 
oxygen issues from the torch at high velocity. 
Gums and tars produced by the cracking action are 
ejected by the high-velocity gas stream so that 
clogging of the nozzle is prevented. The cuts 
produced with this torch are claimed to be ex- 
tremely clean, and on the basis of an equal 
oxygen consumption the cutting speed of the new 
torch is reported to be higher than that obtained 
with conventional torches. Fuel savings of over 
80 per cent are reported, and an over-all saving of 
21-2 per cent was obtained in cutting badly rusted 
plate § in. thick. It is estimated that the new 
- torch can be manufactured on a mass-production 
basis at about the same cost as the acetylene torch. 


@ DETERMINING GAS CONTENT OF 

MOLTEN METAL 

It is well known that many molten metals 
contain gases, which must be removed prior to 
pouring if spongy spots and actual cavities are 
to be avoided in the castings. A comparatively 
simple apparatus permits of determining the 
amount of gases present in liquid metal. This 
device consists of a high-vacuum pump driven by 
an electric motor and a bell-shaped casing which 
can be evacuated by the pump. A vacuum gauge 
is provided to indicate the vacuum produced. Two 
different types of apparatus employing this prin- 
ciple have been developed, one for metals of low 
melting point, especially light alloys, and the 
other for the testing of bronze, cast iron, cast 
steel and other metals of high melting point. In 
either type, a sample of the molten charge is 
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poured into a small crucible, which is then placed 
under the aforementioned bell-shaped cover. The 
lower part of this cover is so shaped that an 
absolutely air-tight joint is obtained by merely 
placing the bell into position. A high vacuum is 
then produced by the pump. The application of 
the vacuum will cause the withdrawal of gases. 
from the molten metal before solidification takes 
place, and the foam produced will serve as a 
measure of the amount of gases withdrawn. After 
solidification of the sample, its gas content is 
determined by cutting the ingot in several places 
and inspecting and counting the number of 
spongy spots and cavities. This knowledge will 
then enable the molten charge to be suitably 
treated prior to pouring in order to secure the 
removal of gases. 


@ RESIDUAL GRINDING STRESSES 


A report in the March issue of the Blue Pages 
drew attention to the importance of residual 
stresses in surfaces machined with the use of 
cutting tools. Significant additional information 
has now come to hand which concerns a new 
method for determining residual surface stresses 
and its application to cases in which such stresses 
are produced by surface grinding. The principle 
of residual stress determination employed in this 
method is to remove small layers from the part 
which has been bent by the residual stresses in 
the unrestrained state and to measure the re- 
sulting change in deflection and thickness of 
metal removed. Etching with a weak nitric acid 
and water solution was found to be a satisfactory 
method for removing surface metal without in- 
troducing additional stresses. Mild steel bars 
were ground with a medium soft grinding wheel 
in a surface grinder. The depth of surface layer 
containing residual stresses was found to extend 
to approximately 0-012 in. to 0-018 in. below the 
surface for grinding cuts ranging in depth from 
0-0003 in. to 0-003 in. It was also found that the 
thickness of the layer containing residual stresses 
increases with increasing depth of grind. The 
maximum residual stress occurs on the surface 
and, for all depths of grind, was found to be 
considerably above the yield point of the original 
material. The maximum residual surface stresses 
when grinding mild steel within the aforemen- 
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tioned range of depth of cut decreases with 
increasing depth, it is reported. It is believed 
that this phenomenon can be explained by the 
possible partial recrystallisation of the surface 
grains because of the higher surface temperatures 
obtained with heavy cuts. The determination of 
the total depth of a deformed surface layer by 
grinding requires a large number of etches and 
necessarily results in a roughened final surface. 
Residual stresses and depth. of deformed metal 
will therefore be somewhat in error near the 
bottom of the layer when determined by this 
technique. 


@ LOCALIZED FLASH WELDING AND 

CUTTING METHOD 

A recent invention aims at making use of the 
phenomenon that, under certain conditions, 
abnormally high local current intensities will occur 
in an electrical conductor if, owing to the presence 
of a reversal of the electrical flow path, the current 
is forced to concentrate at the point of that de- 
flection. Thus, for instance, if an incision, such as 
a saw cut or a notch with acute angle, is made in a 
metal sheet, the flow of a current of high amperage 
supplied to the sheet at opposite sides of the 
notch will concentrate at the bottom of the notch 
to such an extent as to melt the metal locally by 
flashing. In this way, a small hole is produced, 
which increases the depth of the original incision. 
By exerting a mechanical pull on both sides of the 
flashing point, the point of separation will travel 
along the sheet at great speed, it is claimed. In 
order to keep the electrical circuit conditions 
constant, the distance of the electrodes from the 
point of separation must be kept constant. By 
reversing the process, that is, by progressively 
pressing together two edges of a sheet by the 
pressure of a moving roller, the flashing point will 
move along the edges and weld them together. 
The inventor envisages the application of the 
latter method to the high-speed seam welding of 
tubes and, for this process, proposes the use of a 
high-frequency current induced at the point of 
junction by a high-frequency induction coil. 


@ VOLTAGE SURGE SUPPRESSOR 

FOR RELAYS 

The wear of electrical relay contacts owing to 
sparking or arcing when breaking contact seriously 
affects reliability of relay operation and is thus 
the cause of considerable maintenance and re- 
placement costs. Much research has been carried 
out in recent years with a view to developing relay 
contact materials of improved wear characteristics, 
and the Blue Pages of the April 1951 issue 
contained a report on a new gold-nickel alloy of 
superior wear characteristics. A more radical 
solution to the problem would consist in the 
elimination of the conditions leading to sparking ; 
efforts to prevent sparking by providing suppressor 
circuits, of course, are not new. It is, however, 
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most interesting to note that a new approach to 
the problem of spark suppression seems to have 
met with considerable success. This new develop- 
ment consists in a voltage suppressor in the form of 
a selenium rectifier, which may be applied to 
relays, contactors, clutch magnets, and solenoids. . 
It is claimed that by limiting the self-induced 
voltage in these devices, the spark suppressor 
increases by at least twenty times the life of the 
operating contacts and also reduces the electrical 
stress on the insulation of the coil and wiring. For 
most telephone relays, the new voltage surge 
suppressor is small enough to be fixed directly 
across the relay terminals. Suppressors for 
larger relays can be mounted near the relays in 
telephone equipment ; this also applies to com- 
puting machines in which long contact life is 
highly important for obvious reasons. It is stated 
that long-time tests of the new suppressor have 
now exceeded fifty million cycles of operation with 
no sign of failure. 


@ VACUUM BRIGHT ANNEALING 


By adapting electric bright annealing furnaces 
to vacuum operation, the use of a protective gas 
atmosphere is entirely dispensed with. Furnaces 
of this type may be used for the heat treatment of 
steel, copper, nickel, clad parts, alloys with nickel 
base, chromium-manganese steel without nickel, 
and also straight chromium steels. In addition 
to the vacuum pump, the equipment of this type 
of annealing furnace includes interchangeable pots 
which are filled with the material to be annealed 
and then hermetically closed with vacuum-tight 
covers. These pots are then connected to the 
vacuum pump and completely evacuated prior to 
placing them into the furnace. Evacuation may, 
however, be continued during the annealing cycle 
by keeping the vacuum pump connected. Bright 
annealing by means of vacuum furnaces eliminates 
any pickling operation. Drawing oil present will 
be evaporated and extracted by the pump, so that 
the parts will leave the annealing pot in a perfectly 
bright state. 


@ LAPPED FLANGES WITHOUT JOINTING 


In American practice the machine lapping of 
die casting is making rapid headway of late, as it is 
becoming recognised as an effective means of 
reducing manufacturing and assembling costs. 
Particular interest attaches to the proposed appli- 
cation of machine lapping to the production of 
joint surfaces capable of forming a tight flanged 
joint without requiring the use of any jointing. 
Among applications either already taken in hand or 
still in the project stage are machine-lapped joint 
surfaces of cylinder blocks on outboard motors, 
small petrol engines, torque converters, pumps, 
carburetters, liquid metering devices, fuel pumps, 
and other constant or intermittent seals. As far 
as soft metals are concerned, this development has 
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been made possible by the introduction of a new 
lapping machine capable of handling irregular 
shapes and an unlimited range of sizes. This 
would appear to be a development of some im- 
portance insofar as conventional lapping machines 
are not applicable to die castings for several 
reasons. Thus it was found that soft die-cast 
materials rapidly “load” the vitrified stone 
lapping surface on some lapping machines, thereby 
making it impossible to generate surfaces of high 
precision. In the new machine a special cast 
metal alloy lapping plate rotates at a constant 
speed and is controlled by a timing mechanism 
which automatically stops it at the end of a pre- 
determined lapping cycle. Special conditioning 
rings are provided which, by rotating on the 
lapping plate, maintain flatness of the latter in 
service. Actually the conditioning rings are 
lapping the lapping plate faster than it is being 
worn by the components being lapped. A special 
lapping compound fed to the lap plate produces 
the actual lapping effect. 


@ SUPER-ARC IN STEAM ATMOSPHERE 


The proposal to produce an electric arc of 
extremely high temperature in water-wetted 
hollow electrodes was first made some thirty years 
ago, and very little was heard of this development 
in the intervening years. To judge from a 
number of treatises published within recent 
months, a considerable amount of research on the 
properties of this type of arc has been carried out 
of late and various modifications of the arc were 
developed. The different designs have as a 
common feature the introduction of the water 
supply into the arc duct in a tangential direction 
so that the water flows along the duct in helical 
manner and protects its wall against the intense 
heat, which would cause instantaneous melting of 
the wall. The intensity of the arc that can be 
produced in this way is illustrated by the fact that 
in a small arc duct of 1-4 mm diameter and 13 mm 
length, with a current of 250 amps, as much as 
60 kW was transformed into heat per cm length of 
arc, the current density being 17,000 amps per 
cm? cross-section of arc. The temperature of the 
arc was ascertained by spectrographic measure- 
ment as no less than 35,000° K. It appears that 
arc ducts of diameters up to 11-4 mm were 
investigated. It goes without saying that at such 
temperatures, the hydrogen and oxygen of the 
water are completely dissociated and, in fact, the 
core of the flame emerging from the duct in the 
form of a jet of flame is composed of “‘ Plasma,” 
which shares certain properties with gases, elec- 
trolytes, liquids and metals. While, today, this 
most unusual arc may still be considered as a 
scientific curiosity, the employment of such arcs 
in chemical and technical processes is already 
hinted at, and further developments should be 
closely watched. 
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@ ELIMINATING STATIC ELECTRICITY 

HAZARDS 

The presence of charges of static electricity 
produced by friction or atmospheric conditions 
is a well known serious operational hazard in many 
industries, particularly in those employing com- — 
bustible fluids or gases, and, more often than not, 
considerable difficulty is experienced in suppressing 
such electric charges. The latest, and what would 
appear to be a most effective, means for coping 
with the problem is claimed to be the employment 
of radioisotopes for this purpose. Radioisotopes 
of the kind which emit alpha and beta (i.e., positive 
and negative) particles will, for obvious reasons, 
be most useful in neutralizing electrostatic charges. 
As a rule, these materials may serve their purpose 
either by contacting them more or less directly 
with the surface to be freed of charges, or by 
utilizing them for ionizing secondary media, such 
as atmospheric gases which, in turn, make contact 
with the surface to be de-electrified. A typical 
method of the first kind consists in electroplating a 
metallic strip or contour with a radioisotope, such 
as radio-active polonium, shielding the coating with 
a thin layer of metal, such as gold, and placing this 
component on or near the surface to be kept free 
from electrostatic charges. A_ representative 
method of the second kind is the use of a blow 
gun which has a radioactive foil liner for the 
ionization of a jet of air, which is made to impinge 
upon the surface to be protected. In either 
method, very small quantities of radioisotopes are 
required. 
@ COMPRESSION-IGNITION AUXILIARY 

ENGINE FOR BICYCLES 

While auxiliary engines for bicycles are gener- 
ally of the spark ignition type, a novel design based 
on the compression-ignition cycle has now also 
come on the market. In the new engine, the 
prepared mixture is compressed by means of 
crankcase compression and is then passed through 
ducting in the cylinder liner into the cylinder space, 
where it is ignited by compression, so that no 
spark ignition system is required. In order to 
achieve compression-ignition, a compression ratio 
from 13:1 to 16:1 is required, which conforms with 
diesel engine practice. Provisiorm is made, how- 
ever, to increase the compression ratio during 
starting to as much as 100:1, or higher. As the 
ignition delay depends upon the temperature of 
the mixture admitted, which, in turn, depends upon 
the amount of heat absorbed by the mixture from 
the piston and the inlet ducts, and as it also depends 
upon the ignition properties of the fuel used, 
special provision is made to adjust the com- 
pression ratio while the engine is running. This 
adjustment is achieved by varying the clearance 
by means of a Bowden cable-operated mechanism, 
which moves the cylinder liner, the latter having a 
closed head. A fuel of high cetane number is 
required for successful operation of the engine. 
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_ At a speed of 6000 rpm, the engine, which has a 


cylinder volume of only 18 cm®*, develops 0-75 
hp; this corresponds to an output of 42 hp per 
litre of cylinder volume. The crankshaft is 
carried in ball bearings and a helical gear trans- 
mission is provided. 
@ SUPERCHARGING OPEN-HEARTH 

FURNACES 

Increased open-hearth furnace output without 
enlarging furnace size through the employment of 
a new charging system is envisaged by an American 
materials handling expert. It is argued that 
present-day charging procedure constitutes a 
fundamental production bottleneck which could 
be eliminated by mechanization, thus opening up 
undreamed-of potentialities for all steel plants— 
existing or proposed. The inventor claims that 
his “‘ supercharging system ” would cut charging 
time for solids to 25 to 30 minutes for a 200-ton 
furnace and permit use of combustion oxygen with 
greater effectiveness. In this way, a 57 per cent 
increase in production could be expected without 
increasing furnace size, it is stated. The system 
provides for continuous move-nents of ingredients. 
Most important feature of the supercharging 
machine is the charging box which is W-shaped 
and has two compartments, which are loaded by 
open chutes, the flow of the scrap being speeded by 
hydraulic mechanisms. When the W-shaped 
charging box is filled, it is propelled into the fur- 
nace in conventional manner. Instead of in- 
verting, however, the box is emptied by sideways 
movement of the sloping compartment ends. The 
inventor estimates that a 100-ton charge of average- 
weight scrap can be deposited by 20 trips in 15 
minutes. The ore, stone, and dolomite charging 
machine consists of three bins and conveyors with 
built-in weighers to dole out exact amounts of 
these materials as they are directed into the 
furnace. It is claimed that in conjunction with 
combustion-oxygen, this system would yield an 
hourly production of 10-37 tons for a 200-ton 
furnace. 
@ EVOLUTION OF POLISHED OR BUFFED 

SURFACES 

The satisfactory appearance of polished metal 
articles depends upon two independent properties, 
viz., “surface truth” and “surface lustre.” 
Surface truing consists in one or several successive 
fine polishing operations, so that when the surface 
is subsequently buffed, the images seen in the 
surface will be clear and not blurred. It is not, 
however, possible to determine by simple visual 
inspection whether the truing process has achieved 
its purpose and whether the polishing process has 
been carried far enough, since the surface is usually 
covered with scratches which confuse the details 
of the image and diffuse the reflected light. In 
any systematic study or comparison of polishing 
processes, the need is therefore felt for some means 
which would enable quantitative measurement of 
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the initial roughness of the surface to be carried out. 
If simple enough in application, such a method 
would also prove useful in the polishing depart- 
ment. A very simple method has been evolved 
which consists in the inspection, under standard 
conditions, of the reflected image of a strongly 
illuminated pattern of light and dark stripes, and 
the determination of the maximum distance 
between lamp and object at which the light and 
dark stripes can be separately distinguished. The 
result is broadly independent of the curvature of 
the surface and can be applied to relatively non- 
reflective surfaces. The same apparatus is useful 
as a general qualitative inspection lamp for 
quality of polish, absence of major defects, as well 
as absence of haze and bloom. The width of the 
black and white stripes can be varied for the type 
of surface to be examined. 


@ NICKEL-FREE ALLOYS FOR ELECTRICAL 

RESISTORS 5 

In view of present-day shortages of nickel and 
cobalt, it may. be worth recalling that, during the 
last war, Russian metallurgists, when faced with a 
similar situation, devoted considerable efforts to 
the study and development of iron-chromium 
alloys for electrical resistors. A recent critical 
review of the Russian work points out that accord- 
ing to Russian findings, aluminium increases the 
scaling resistance of chromium-iron alloys. How- 
ever, the resistance of iron-chromium-aluminium 
alloys to scaling is sharply decreased by an increase 
in their carbon content. An investigation of a 
wide range of iron-chromium-aluminium alloys 
for heating elements showed that there exist three 
chromium percentage regions of commercially 
useful alloys. The first region includes alloys 
with 15 to 30 per cent chromium and 2 to 10 per 
cent aluminium; they are heat-resistant up to 
2280° F and can be hot-rolled and cold-drawn into 
fine wire or ribbon. The alloys of the inter- 
mediate range are characterised by chromium 
contents of 35 to 45 per cent and aluminium 
contents of 5 to 12 per cent. They are heat- 
resistant to 2450° F and can only be hot-worked. 
The third group of alloys has chromium contents 
varying from 65 to 75 per cent and aluminium 
contents of 7-5 to 12-5 percent. These alloys are 
heat-resistant up to 2730° F. They are very 
brittle and cannot be deformed either hot or cold, 
so that their application is confined to cast and 
ground parts. The original publication gives 
detailed information on the composition and 
operational characteristics of two alloys of the 
first group and of one alloy each of the other two 
groups. 


For further information on developments | 


| reviewed in THE BLUE PAGES, readers 
are invited to write to the Editor. 
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The Role of Atomic Energy in World Economy 


UNLIKE other forms of energy, atomic energy first 
found its application for military purposes. It is 
being developed very largely in secret and under 
government control. Its military application is 
still its dominating characteristic and, because of 
this, it has been isolated from the operation of 
some of the normal economic forces, and may 
remain so for some time. Any estimates of what 
its ultimate réle in world economy will be, must 
therefore, largely be based upon conjecture. 

The U.S. Atomic Energy Commission have a 
very large expansion programme under way. 
Their objective is to increase greatly the capacity 
to produce fissionable materials. This is very 
closely related to the national defence in this 
period of national emergency. 

There are longer-range objectives which, when 
achieved, will unquestionably have a solid impact 
upon the peacetime economy. Let us say that we 
have a pretty good idea where we are headed in 
atomic energy, but we don’t have all the answers as 
to what effects our achievements will have when 
we get there. These are questions that ultimately 
will be answered by the economist, the statesman, 
the scholar and the citizen—and the answers 
cannot be any more than exploratory until there is 
more information than is now available. 

One clear fact emerges: as of today, the rdle 
of atomic energy in American economy is more 
negative than positive. That is to say, the atomic 
energy programme is taking more out of the 
wealth and resources of the country than it is 
putting in. While the world ultimately looks to 
the atom to produce power, the atomic energy 
programme is today the largest single consumer of 
power. This is not a pleasant fact, but it is a fact. 

We have, then, two phases of atomic energy 
development. One—the phase we are in now— 
where atomic energy development is largely 
controlled, and its impact is largely negative ; and 
two—the phase we shall inevitably reach at some 
point in the future—where atomic energy will be 
unfettered and its impact will be largely positive. 
This will be the phase in which atomic energy will 
add to the wealth of the world. There are a great 
many variables in any determination of just when 
this day will come. Not the least among the 
variables are the plans and actions of the men who 
direct the destiny of the Communist world. 

They have not been wise planners, as I see it. 
They have been most short-sighted. If their 
plan is to curtail the atomic weapons programme 
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of this nation, they have been stupid; for it is 
they and only they who have required us to be 
strong. They have literally said by their blind- 
ness on matters of international comity and control 
of weapons: ‘“‘ America! You must build many 
bombs.” And this we have done. If their plan 
is to deny us the peacetime benefits of atomic 
energy, they have again been stupid, for we are 
determined that whatever crisis of the moment 
may come, we shall continue to support and 
encourage the beneficial uses of the atom. There 
will be those who will say “‘ We cannot afford both 
courses.” I insist that we cannot afford not to take 
both courses. Fortunately, they need not conflict. 
Fortunately, our country is strong enough to push 
both. The greatest tragedy would be that in the 
course of increasing strength for the moment, we 
miss the benefits which Russia today is most 
anxious that we deny ourselves. 

Our two sets of objectives—those having to do 
with defence and those having to do with peace- 
time economy—are not unrelated. Most of what 
we accomplish in the one area is of definite value 
to the other. We are, therefore, along with our 
“‘ weapons” work and partly because of it, ad- 
vancing towards the day when the technical 
feasibility of utilising atomic energy for industrial 
and other purposes will be demonstrated. We 
have every hope and every reason to believe that 
such a day will arrive. 

To examine the negative impact of atomic 
energy development on our economy today is to 
raise some questions: Is this impact too great ? 
Are the returns we are receiving in the area of 
national security and the returns we hope to 
receive in the future in peaceful benefits worth the 
sacrifices we are making ? These are particularly 
pertinent questions at this time when we are 
engaged in a tremendous expansion programme. 
Or—on the other hand —are our efforts perhaps 
not great enough ? Could we safely be doing 
more ? Whether we can stand greater strain is 
still a hard question to answer. 

To understand the setting in which it must 
be considered, it is helpful to understand the 
general nature of the atomic energy programme 
and the factors which determine its magnitude. 
To do this let us visualise a schematic presentation 
in the form of a pyramid. The base of this pyra- 
mid is composed of raw uranium ore. Upward 
at succeeding levels are the great feed materials 

(Continued on page 198.) 
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ITALY 


Permittivity Meter for Insulating Plates 


By P. REGOLIOsI. 


From L’Elettrotecnica, Vol. 37, No. 11, November, 1950, pp. 488-496, 6 illustrations.) 


This article describes an apparatus for precision measurements of permittivity and internal and surface 
resistance. Full details of the apparatus are given, as well as methods for checking the effectiveness of 
the screening and the uniformity of the field in the dielectric. 


THE extensively screened two-electrode apparatus 
described in this article was developed at the Milan 
Polytechnic for precision measurements of the dielectric 
constant or permittivity of insulating plates by ballistic 
methods. It was subsequently modified to make it also 
suitable for measurements of internal and surface 
resistivities with direct current as well as for measure- 
ments of the loss angle and permittivity with alternating 
currents of low and medium frequency. 


GENERAL REQUIREMENTS 


The determination of the permittivity is based on the 
measurement of the capacitance of a condenser in which 
the material being studied is used as a dielectric. The 
method not only assumes that the dielectric is homo- 
geneous and isotropic but also requires a uniform field 
in the dielectric. Therefore, the condenser electrodes 
must have plane parallel surfaces with dimensions which 
are large relatively to the distance between the electrodes. 
Moreover, one of these electrodes should be provided 
with an outer guard ring to eliminate edge distortion 
and the system should be carefully screened to avoid 
lateral dielectric currents and conduction currents 
between the edges and sides of the electrodes. 

The absolute permittivity « of the material is ob- 
tained by means of the relation 


e = Cd/a 
and its relative permittivity is 
r= €/é = C/C,. 


In these equations, «, = 8:86 x 10° farad/metre = 
permittivity of vacuum (equivalent, in practice, to that 
of dry, dust-free air), C and Cy capacitances of the 
condenser with and without the dielectric, respectively, 
d = distance between electrodes (equal to the thickness 
of the dielectric), and a = area of the electrode sur- 
rounded by the guard ring. In order to determine 
C,, the tested material has to be removed from the 
condenser electrodes. Accurate reference markings 
are, therefore, necessary to reset the electrodes at the 
same distance relative to each other. 

The requirements regarding field uniformity, 
screening and reference marking which have been 
described are adequately fulfilled by the screened 
system shown in Fig. 1. In this arrangement, the 
specimen to be tested is clamped between the two 
armatures of the condenser C, which is charged when 
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Fig. 1. Diagram of a screened circuit for the ballistic 
measurement of capacitance. 
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the switch K is at position 1, and discharged at position 
2. The current impulse Q = | Jdt of the discharge is 


measured by the galvanometer G and the capacity is 
obtained from C = Q/V, where V is the charging 
voltage. 

Protection against the disturbing effects of dielectric 
currents is provided by the screens S,, S,, S, and the 
guard ring A. The screens S,) and S, are connected 
to a commutator D which is set on contact 1 before 
charging, and switched over to 2 after charging and 
before initiating the discharge. 

The guard ring A is not in contact with the upper 
electrode, since it is not intended to drain surface 
currents but to improve the field uniformity, and is 
connected to the leads from S, and S,. The entire 
system is built up between two external guard plates 
P which eliminate lateral conduction currents and hold 
the apparatus together by means of columns of insulating 
material. 


DESCRIPTION OF APPARATUS 


The apparatus is illustrated in Fig. 2. The elec- 
trodes are circular plates of 130 mm diameter. This 
includes the guard ring, which is 14 mm thick and has a 
1 mm gap between it and the adjacent electrode. The 
upper electrode has, therefore, a diameter of 100 mm 
and a useful area of 78°54 cm? for measurements. 

The maximum distance between the electrodes is 
30 mm, and the corresponding capacitance of the 
condenser with air as dielectric is 2°31 pF. The 
apparatus has a maximum height of 350 mm and the 
guard ring has been found to be fully effective for all 
gaps up to 30 mm. Using a galvanometer with a 
ballistic constant of 0°7 x 10°° coulomb per graduation, 
a reading of approximately 7 mm is obtained on the 
graduated disc of the apparatus with a maximum supply 
voltage of 2,000 volts, this being the maximum sensitivity 
of the apparatus. 

Particular care has been taken to provide sturdy 
insulating columns and to obtain accurate axial dis- 
placement of the moving parts while ensuring that all 
surfaces remain strictly parallel. 

As shown in Fig. 2, the apparatus comprises a lower 
guard plate (1), designed as a base plate, on which the 
lower electrode (5) and its screening arrangement (4) are 
rigidly mounted, and an upper guard plate (11) insulated 
from the remainder of the apparatus. The screen is 
supported by the insulating column (2), and the lower 
electrode by the three small columns (3) which pass 
through the screen without touching it. 

The upper guard plate is supported by the three 
columns (7). Through a central hole of ample size in 
this plate, a metal cylinder (10) is arranged so that it 
can be moved up or down on a threaded shaft. The 
upper surface of the cylinder is closed by a cover (14) 
which is rigidly connected to the upper electrode (6) and 
to a metal ring (8) on which the guard ring is screwed. 
The upper electrode and the guard ring, which is held 
by insulating columns (22) and (28), can be moved 
either together or separately. 

Combined movement of the upper electrode and the 
guard ring is obtained by rotating the supporting tube 
(10) by means of the insulated knob (16), and separate 
adjustment of the ring alone by direct action on knob 
(15). A small vertical scale (13) mounted on the fixed 
outer plate and a graduated circle (21) provided on the 
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moving member are used as a micrometer for deter- 
mining the distance between the electrodes. By using 
a screw pitch of 1 mm and a graduated circle of 500 
divisions, a direct reading of 0°0002 mm is obtained. 
The axial position can thus easily be estimated with an 
accuracy of 1/1000th of a millimetre. The guard ring 
can be moved to a distance of 15 mm above the upper 
electrode surface and its position is indicated by a 
reference marking. Lateral screening is provided by 
the ring (9) which slides in the tube (10) supporting the 
upper electrode. 

The terminals (24), (25), (29), (18) and (15) can be 
used for connections to the base plate, the upper elec- 
trode screen, the upper plate, the upper electrode, and 
the guard ring, respectively. A passage (26) with a 
corresponding contact position is provided for con- 
nection to the lower electrode. 

The upper electrode connection is by means of 
either a normal cable or a screened cable when using a 
Schering bridge. The terminal is designed as a shaft 
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Fig. 2. Design of permittivity-meter. 


(20) threaded at its upper end and situated inside the 
small tube (17), in which the cable head is inserted 
laterally over the threaded shaft (20), the screening of 
the cable being in contact with the collar (19) of the 
upper plate. Normal cables can be connected by 
inserting them under the screw head (18). 

To avoid discharges and field-disturbing effects, all 
metal edges have been rounded off with radii of 5-10 
mm. To increase the sturdiness of the apparatus, the 
lower plate is ribbed and the upper plate is mounted on 
a cylinder which also serves as a guide for the movable 
tube supporting the upper electrode. 

The following materials have been used in the 
construction of the apparatus :—Nickel-plated copper 
for the metal parts ; bakelite laminated fabric for the 
three columns of the upper plate ; bakelite laminated 
paper for the graduated disc and vertical scale ; aniline 
resin for the columns connected to the electrodes, the 
guard ring, the screen and the supporting pads under 
the base plate. The loss angle of the instrument in 
vacuo is negligibly small and the insulation is greater 
than the values required for the various components. 


PROCEDURES FOR USE 


Determination of permittivity and ballistic measurements 
generally : Referring to Fig. 1, the lower electrode is 
connected to the screened terminal X,, by means of 
either a screened lead of zero capacitance, or a very 
short unscreened lead. In either case, a stud is inserted 
through the passage (26) shown in Fig. 2. 

The upper electrode terminal (18) is connected to 
the terminal X; of the apparatus, no special precautions 
being required. The guard ring terminal (15) is 
connected to the screen S, and the guard ring adjusted 
to a distance of about 0°1 mm from the specimen. The 
screen §, with the terminal (25) is connected to the 
guard ring. The plate terminals (24) and (25) are 
connected together. 

Measurements of internal resistance : If the methods 
of accumulation or loss of charge are employed, the 
procedure is as in the previous case. 

If measurements are made by the substitution 











method, the lower electrode is connected as previously. 
The screening is not necessary but avoids any swinging 
of the galvanometer on closing the circuit. The upper 
electrode is connected as in the above case. The guard 
ring A is connected to the plate P of the apparatus and 
lowered until it touches the surface of the test piece. 
The screen S, can be left free or connected to its elec- 
trode by means of the stud (27) ; in the latter case the 
electrode is connected to the apparatus by using the 
screen terminal (25). The lower plate is connected 
to the plate P of the apparatus. The upper plate can 
be connected in the same way as the lower plate or left 
isolated. 

Measurements of surface resistance : The substitution 
method is used. By applying a voltage between the 
guard ring and the adjacent electrode, the surface 
resistance measured is that of an annular surface with a 
radial width of 1 mm and a mean diameter of 101 mm, 
through which the current flows in the radial direction. 
Disregarding the effect of curvature, as is permissible 
when the radial thickness is small in comparison with 
the diameter, the surface obtained is 1 mm long and 
about 317 mm thick, whereas the standard C.E.I. 
knife-edge type electrodes give a reference surface of 
10 x 100mm. The relationship between the number 
expressing the surface resistance with the C.E.I. 
electrodes and the number obtained by means of the 
apparatus herein described is, therefore, approximately 
i} ey i Is 

The lower electrode is connected to the plate P of 
the apparatus and the upper electrode to either of the 
terminals X, or X,;. The guard ring is connected to 
the other terminal X; or X, and should be in perfect 
contact with the surface of the specimen. The screen 
and the lower base plate are either free or connected to 
the guard plate P, to which the upper plate is also 
connected. 

Measurements of the loss angle and of permittivity 
with alternating current, using a Schering bridge or 
generally any a.c. bridge : It is considered that a voltage 
of 10-12 kV will not be exceeded with bridges screened 
only on the low-voltage side, and 1-1°5 kV with bridges 
screened also on the high-voltage side. 

In the first case, the lower electrode is used as high- 
tension electrode and connected to the terminal (27), 
its screen being connected to the high tension by means 
of terminal (25). The upper electrode is used as a 
screened low-tension electrode and is connected to one 
of the galvanometer terminals by means of a screened 
cable, using preferably the arrangement (17), (19) and 
(20) already described. If other bridges are used, the 
connection to the galvanometer is by means of (28) 
and the connection to the bridge screening by means of 
terminal (29). 

The guard ring is also connected to terminal (29) 
to complete the screening of the upper electrode, and 
the ring is lowered until it is in contact with the surface 
of the specimen. The screen S, is connected to the 
lower electrode. The lower plate can be left free or 
connected to the upper plate, which is connected so as to 
form part of the bridge screening system, using either a 
screened cable and the arrangement (17), (19) and (20), 
or the terminal (29). 

hen bridges screened also on the high-voltage side 
are employed, the lower electrode is connected to the 
high tension by means of a rigid connection of 3-4 
mm diameter which is inserted through passage (26) 
without touching the screen S,. The screen S, is 
preferably connected to the bridge screening. The 
guard ring and the outer plates are connected as in the 
previous case. 


CHECK TESTS AND RESULTS 


The test specimen must be fully compressed between 
the electrodes of the condenser, since otherwise con- 
siderable errors in measurement may result, particularly 
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in the case of fairly rigid specimens having a corrugated 
surface. This made it necessary to determine the 
elasticity of the components of the apparatus, and 
particularly of its insulating columns, when pressure is 
exerted on the specimen. It was found that extensions 
of up to 0:06 mm could occur in practice. The error 
due to the elasticity of the apparatus can be eliminated 
as follows :— 

Before inserting the specimen to be studied, the 
electrodes are brought into contact with each other, 
applying a moderate pressure, and a reading of the 
position is taken from the graduated disc. The speci- 
men is then introduced in exactly the same way, applying 
a pressure of the same order, and a second reading is 
taken. The difference between the two readings, 
considering that the elastic yield of the apparatus is 
identical in both cases, gives the effective thickness of 
the specimen. 

The effectiveness of the screening was checked in 
accordance with the procedure given in the following 
section. It was found that 
(1) with the guard ring at the level of the electrode, 

the dielectric field was constant even for the maxi- 
mum distance of 30 mm in the space corresponding 
to the protected electrode ; 

(2) raising the guard ring by 0°1 mm did not produce 
appreciable variations, so that it is fully permissible 
to raise it through this distance to avoid errors 
when taking ballistic measurements ; 

(3) the residual parasitic capacitance when the guard 
ring was level with the electrode had a constant 
value of about 5 pF ; this capacitance value was, 
therefore, subtracted from the measured values ob- 
tained with the specimens ; 

(4) the surface to be considered in determining permit- 

tivity was 80°12 cm?, which is equal to the area 

of the electrode plus half the area of the annular 
gap between the guard ring and the electrode. 


CHECK OF EFFECTIVENESS 
OF GUARD RING AND SCREENING 


As, in the ideal case, the capacitance C is inversely 
proportional to the distance d between the electrodes, 
the product Cd should be constant for all values of d in 
the range considered. 

If the plot of Cd against d does not give a horizontal 
straight line, this shows that parasitic capacitances, due 
to insufficient screening, edge effects and lateral capaci- 
tances, have not been fully eliminated. 

To determine the causes of possible deviations, the 
procedure adopted was as follows :—The capacitance 
of the condenser is regarded as being composed of two 
parts in parallel 

1. a capacitance C,, inversely proportional to d, 
equivalent to that of an ideal condenser with a uniform 
field, but with an electrode area a’, generally differing 
from the area a of the real condenser electrodes, so that 


C, = C,/d = 8:86a'/d [microfarads] 


a’ being in square metres, and d in metres ; and 

2. a capacitance C, which may be either constant or 
variable but which is not inversely proportional to d. 
(This capacitance C, should be subtracted from the 
measured values of capacitance in permittivity deter- 
minations). We may then write : 


Cc C; C, (Cy/d) 4 C, 
or Cd=C, + Cd = C, + fd). 


The results are plotted on graph paper. Ifa straight 
line is obtained, its slope tan « will then be equal to 
C., and C, will be the height of the intercept of this line 
above d = 0. Ifa curved line is obtained, this should 
be used as a calibration curve in evaluating measure- 
ments, unless its corrections can be regarded as negli- 
gible. 
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ERROR DUE TO INCLUSION OF AN AIR 
SPACE BETWEEN THE ELECTRODES AND 
THE DIELECTRIC 


Considering Fig. 3, let d, = thickness of dielectric, 
d, = total thickness of the two air spaces ; €, = (un- 
known) permittivity of dielectric ; «, = permittivity 
of air (or of material inserted in place of air) ; a = area 
of either electrode ; C, = e€,a/d, = capacitance of 
condenser having only a dielectric of permittivity «,. 
and thickness d,; C, €,a/d, capacitance of 
condenser having only a dielectric of permittivity «, 
and thickness d,,. 


Fig. 3. Condenser with 
two dielectrics in series. 





As the two capacitances are in series, the measured 
capacitance is 


Cs Cc; Ga (C, T C,) a Ey Eq Ces d, Eu d,) (1) 


This corresponds to a measured permittivity «,, defined 
by 
Gn = @en/dy + da) = Ex (2) 
therefore, the substitution of eq. (2) in (1) gives 
Em = €y €a (d, Tt di.) [e,. d, ~ €q d,] o (3) 
Then e, will be equal to «,, only if either «, €a3 OF 


ad, = 0; ord, —'o. he last assumption cannot occur 
in practice, and there are, therefore, two methods which 
can be employed to eliminate or, at least, reduce the 
error due to the inevitable air space between the elec- 
trodes and the dielectric. The procedures are as 
follows :— 

1. insertion between the electrodes and the dielectric 
of a film of plastic or liquid material having the same 
permittivity as the dielectric being studied, so as to fill 
the spaces due to the surface roughness of the material 


without appreciably affecting the thickness measure- 
ment ; the method is also applicable when the film has a 
different permittivity, provided this is closer to that of 
the material being studied than to that of air (e.g. : wax, 
vaseline, paraffin, mineral and vegetable oils, etc.) ; 

2. insertion between the electrodes and the dielectric 
of an elastic, plastic or liquid material which is a good or 
fairly good conductor (e.g., tinfoils, metallic or colloidal 
graphite, etc.) which will fill in the spaces due to surface 
roughness of the dielectric and form an extension of he 
electrodes. 

In both cases, the air space is eliminated (d, = 0) and 
the measured permittivity is identical with the true 
permittivity of the material being studied. 

The relative error occurring if these additional 
precautions are omitted may be determined as follows 
from eq. (3) : 


(€m == €x) Em 


or, using the ratios 


(€a — €2) da/[€a (du + ds)} (4) 


we obtain 
(€m — €x)/€m (a —k’)/( er v.20 '@) 


Generally, k’ ~- 1, but it can be reduced to values lower 
than unity by substituting another material in place of 
air, as recommended in the above procedures. Further- 
more, as a rule k”’ > 1, and its value is low only for very 
rough or very thin specimens with a thickness of a few 
hundredths of a millimetre. The error curves are 
usually hyperbolic curves, which can conveniently be 
reprcsented on loglog paper as straight lines with a 
negative slope, with (¢,, — €,)/€,, plotted against k’’, for 
constant values of k’ taken as parameter. It has been 
found that, for a dielectric of 1 mm thickness and a 
relative permittivity equal to 5, an ‘air space of only 
0:005 mm already gives rise to an error of 2 per cent, so 
that it is easily realised that the presence of an air layer 
may lead to considerable errors. 


HOLLAND 


Calibration of Precision Dynamometers by means of a 


Pressure Balance 


By H. B. Bouwan, A. VISSER, D. A. BEEKHUIS and F. H. TONEMAN. (From De Ingenieur, Vol. 63, No. 6, February 9, 
1951, pp. 01-04, 6 illustrations.) 


The development of this new type of hydraulic apparatus for the calibration of dynamometers was first 
undertaken in 1936 at the van der Waals Laboratory of the University of Amsterdam, and has since been 


carried out by the Bemetel T.N.O. Measurements Institute. 


The apparatus comprises a hydraulic press 


which is coupled to a high-pressure pump and to a pressure balance. 


DESCRIPTION OF APPARATUS 


The hydraulic press (Fig. 1): A hard steel plunger B 
with a lapped surface is fixed into the heavy base plate. 
The plunger is bored through so that oil can be forced 
through its central passage into the pressure chamber 
formed by a recess in cylinder E. The inner walls of 
this steel cylinder are ground and lapped to ensure 
accurate fitting of the plunger. 

To eliminate friction between the cylinder and 
plunger during the upward or downward motion of the 
cylinder, the cylinder is made to rotate. The drive for 
this rotary motion is designed in such a way that no 
forces in the vertical direction are applied to the cylinder. 
However, the upper edge of the cylinder is not used to 
apply direct loads to the measuring equipment being 
calibrated. The load is transmitted by a heavy steel ball 
bearing F, placed on the cylinder surface and carrying 
a pressure plate G which is blocked at N so that it can- 
not rotate. The measuring equipment which is to be 
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loaded is placed between the pressure plate G and the 
upper transverse beam H. 

By means of suitable auxiliary devices, the machine 
can also be adapted to apply tensile loads to the equip- 
ment being tested. 

The diameter of the plunger and the inner diameter 
of the cylinder are very accurately measured, so that 
the operating surface area, approximately 40 cm?, is 
accurately known. The force exerted by the pressure 
plate against the upper beam can, therefore, be cal- 
culated from the primary pressure, which is measured 
with the aid of the pressure balance, and the area of the 
operating surface, a correction being made for the dead 
weights of the cylinder, bearing and pressure plate. 

When the pressure plate is directly loaded up to 
1200 kg by means of weights, the difference between 
the forces measured by the pressure balance and the 
actual load of the weights never exceeds 200 grammes. 

The high-pressure compression pump: This pump is 
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connected to the inlet orifice of the plunger in the 
hydraulic press. By means of a hand pump, the oil in 
the press and its auxiliary equipment can be compressed 
to a pressure of about 400 kg/cm?. Still higher pressures 
can be obtained by using the screw press also included 
in the pump assembly. The compression pump is 
connected to the hydraulic press, the pressure balance 
and the oil supply system. 

The compression pump is capable of producing the 
pressures required for loads up to 30 (metric) tons. 
These primary pressures, reaching up to approximately 
750 kg/cm*, must be accurately known, in order to 
determine the applied load. The oil pressures are, 
therefore, measured in a pressure balance connected to 
the compression pump. 
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“TO THE PRESSURE - BALANCE 





Fig. 1. Hydraulic press 


The pressure balance (Fig. 2): This apparatus con- 
sists essentially of a measuring cylinder, a set of weights, 
and a motor-driven rotating plunger. 

The vertical steel measuring cylinder is provided 
with a passage leading to a pressure chamber which is 
connected to the compression pump via a capillary. 
In the passage, a movable differential plunger is arranged. 
This plunger is ground and lapped so as to fit very 
accurately in the cylinder. Weights can be placed both 
above and below this plunger for measurements. 

The plunger, together with its weights, is given a 
steady rotary motion. An oil film is thus formed be- 
tween the cylinder wall and the plunger, which eliminates 
dry friction. The loaded plunger then drives the oil 
into the pressure chamber. 

The force per unit area of the annular disc can be 
calculated from the total weight of the plunger and the 
load of the weights added to it. Different measuring 
cylinders can be inserted so as to cover various ranges 
of pressure. The cylinders can be changed in about 
10 minutes. The accuracy of measurement of the 
pressure balance is of the order of 1 to 10. 
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Fig. 2. Pressure balance. 


Complete assembly: The equipment is a compact 
design and its total weight is less than 3 per cent of the 
maximum load which can be measured. Generally, no 
special foundation is required for setting up. The space 
taken up by the apparatus in operating order is smaller 
than that occupied by the weights used by a calibrating 
machine of the direct-loading type with a_ similar 
capacity. In order to illustrate its practical possibilities, 
a description will now be given of the calibration of a 
Wazau loop dynamometer up to 5000 kg. 


CALIBRATION OF A LOOP DYNAMOMETER 


The loop dynamometer of the Wazau type is shown 
in Fig. 3. It was made of steel with a high elastic limit 
and low elastic hysteresis. The elastic deformation was 





Fig. 3. Calibration of Wazau loop dynamometer. 
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Fig. 4. Calibration curves for increasing and decreasing 
tensile loads. 


mechanically amplified four times by means of the lever 
system (2) and measured by a clock gauge (4) mounted 
on the fixed holding member (3). The dial gauge 
indication was 5 mm for a load of 5000 kg, or 0-01 per 
graduation of 10 kg. By estimating tenths between two 
graduations, the sensitivity obtained was equal to 1 kg 
or 0:02 per cent of the maximum load. The dial gauge 
was carefully calibrated in both directions by the 
makers. 


After adjusting the dial gauge to its zero position, 
the load was applied five times from zero to maximum 
load before taking measurements. The actual tests 
were then carried out with both tensile and compressive 
loads, three double series of tests being made. 

The hysteresis loops obtained indicated that cali- 
brating points obtained with increasing loads should be 
clearly separated from those for decreasing loads. 
Typical calibration curves for the Wazau dynamometer 
are given in Fig. 4, which shows the error 4p of 
this dynamometer plotted against the load p. The 
periodicity of the error-curve fluctuations is attributable 
to errors in estimation of the tenths of intervals in the 
dial gauge readings and to the accuracy limit of the dial 
gauge. In taking readings of this kind, the dial gauge 
manufacturers now recommend that the resetting of 
the dial to a new zero position should be avoided after 
this gauge has been calibrated, since this brings the 
periodic errors of the gauge to different positions in the 
measuring range. In conclusion, it may be said that 
the pressure balance gives the possibility of determining 
the systematic errors which occur in the measuring 
equipment used by materials testing laboratories. 
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The Interpretation of Property Values of Plastics 
By WILLIAM SCHACK. (From Materials and Methods, Vol. 33, No. 4, April 1951, pp. 66-69, 3 illustrations.) 


Conventional test results are sometimes unreliable guides in the design of moulded plastic products. 
Data obtained by new tests and individual test models are aids to sound design. 


Most plastic manufacturers’ brochures are prefaced 
witha warning that the data given are not guaranteed, 
because the property values have been obtained by 
standard tests under fixed conditions. Without the 
same careful controls, different results may be obtained. 
At best, the standards cannot be taken literally because : 
(1) Data are limited to a narrow range of test con- 
ditions. (2) The precise significance of some tests is 
not clear. (3) Values are not directly applicable to 
products of varying design. 

Values in manufacturers’ bulletins are derived from 
tests made under standard conditions which fix the 
size and shape of the test piece, the way it is produced, 
the test apparatus, and the test application methods. 
In actual product applications the shape and thickness 
of the material and its environment may differ from the 
test conditions. 

While standard values for modulus of elasticity, 
yield stress, tensile strength and other tensile properties 
are suggestive for research, engineering design, quality 
control and material acceptance specifications, they 

‘cannot be considered significant for applications 
differing widely from the load-time scale of the standard 
test. Such applications require suitable tests, such as 
impact, creep and fatigue.””! 

The actual meaning of some test values for plastics 
is not clear, even though the data have been obtained 
by precise methods. The term abrasion resistance may 
refer to: (1) Resistance to cutting, for which there is 
a standard test ; (2) resistance to indentation, measured 
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by the Rockwell hardness or similar tests ; or (3) re- 
sistance to scratching, as determined by the weight loss 
of the material after a fixed amount of rubbing with 
standard sandpaper or abrasive wheels. 

The Charpy or Izod tests for impact strength are 
even more puzzling, although recent work has improved 
the situation. By the Izod test, wood flour-filled 
phenolics show lower impact resistance than mica-filled 
types, but actual service has demonstrated that the 
reverse is true. 

A true service evaluation, however, is given by the 
magnetic drop-ball tester. While the Izod impact 
strength of a woodflour-filled rubber-phenolic blend is 
about double that of the equivalent straight phenolic, 
the drop-ball energy required to crack it is three and a 
half times the value for the phenolic, and the energy 
to break it is six times as great. The disproportion is 
even greater between the fatigue energies needed to 
crack and break the two types of compounds. A similar 
relationship holds for the two plastics with other fillers. 

The Izod test fails to register the resilience and 
strength which synthetic rubber imparts to the blend by 
increasing the modulus of elasticity. The drop-ball 
test, on the other hand, gives an index of the differential 
between energy-to-crack and energy-to-break which 
provides an additional practical factor of safety. For 
applications where a crack is as fatal as a clean break, 
the Izod test value is still significant, however. 

The Izod value includes not only the energy required 
to break the piece, which is the aim of the test, but also 
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energy to deform it plastically and to throw the broken 
piece off, plus energy lost in the vibration of the machine. 
It has been suggested that the “toss factor’? or the 
energy that throws the broken piece may be responsible 
for a large part of the nominal Izod value, increasing it 
beyond the actual strength of the material. 

This has been proven by Maxwell and Rahm at 
Princeton, working with a new apparatus, in which the 
specimen is placed on the edge of a flywheel and its 
projecting edge broken against a stationary anvil as the 
wheel turns (see Fig. 1). The impact is computed from 
the flywheel’s change of speed as the break occurs. It 
can be mathematically proven that the energy in the 
broken specimen equals the energy in the specimen 
prior to the impact; in other words, the toss factor is 
eliminated. As a result, this machine gives lower 
impact values than the Izod test. 


TEST SPECIMEN 
ALUMINIUM BAR: 
STEEL SHAFT 
SMOKED DISC 






MOVABLE 














‘FRAME 


VIBRATING POINTER 
TO MEASURE ANGULAR 
VELOCITY 


PIECE HALF THE SIZE 
OF TEST SPECIMEN 


Fig. 1. Test apparatus used by Maxwell and Rahm. 


The values obtained by the new apparatus are closer 
to service experience than Izod figures. For some 
plastics, the difference between the values obtained on 
the two machines is more than 100 per cent. The 
variations in the amount of the toss factor among 
different plastics are due to differences in their specific 
gravities, since a lighter material absorbs less energy. 

End products themselves should be submitted to 
tests approximating service conditions if there is any 
doubt of the applicability of standard data or if there 
are no standard procedures to test performance under 
certain application conditions. 

Laboratory figures indicate that polystyrene is 
impractical for doll-house furniture, yet the material 
actually stands the wear and tear of children’s play 
quite well. 

The use of polystyrene wall tiles grew so rapidly 
that the National Bureau of Standards developed a 
commercial specification for them and their mastics. 
Most of the standard tests were found to be inapplicable. 
Even the impact strength could not be successfully 
measured because of the failure of the Izod test to take 
the effect of the mastic into account. Tile specifications 
finally included the sun lamp colour stability test and the 
ASTM raw material specification. The heart of the 
specifications, however, is a simple heat distortion test 
which is closely related to actual service conditions and 
can be carried out by untrained people with simple 
equipment. 

The United States Testing Co. devised a drop-weight 
apparatus to avoid the uncertainties of standard impact 
tests. A round-nosed, 5-lb pendulum bob is swung 
against a fixed specimen starting from increasing 
pendulum displacement angles. If failure does not 
occur at 90-deg. displacement, the blows are repeated at 
that angle until the piece does break. The number of 
blows is then used to estimate strength. Special 
condition boxes are used to get values for various 
ambient temperatures and humidities. While these 
values for plastics cannot be related to standard values, 
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they give an empirical idea of what may be expected 
under service conditions. 

The Dow Chemical Co. built a ‘‘ dunking machine ” 
to simulate home use of household items, particularly 
kitchen and table ware. The mechanism cycles samples 
through five stations: three controlled temperature 
baths ; a spray rinse; and a hot-air blast drying com- 
partment. Each exposure can be controlled, and the 
temperature bath liquids varied to approximate home 
conditions closely. Using a 20-min cycle, the machine 
would reproduce a month of twice-daily use of houseware 
in 24 hours of operation. 

Dow’s Product Evaluation Programme also includes 
field tests, especially where the durability of a product is 
questioned. These tests may bring out service faults 
that are not inherent in the product itself. These tests 
are designed to be severe for three reasons: (1) To pro- 
vide a safety factor for abuse ; (2) to indicate in a short 
time the results of several months’ normal usage ; and 
(3) to anticipate harsher treatment in storage and ship- 
ment than the product may receive in actual use. 

A beginning has been made in broadening test 
conditions and in measuring the effect of various modi- 
fying factors. Standards will never cover every 
situation, but sufficient data will minimize the necessity 
for special tests by individual end users of plastics. 

The tensile strength of polymethyl methacrylate 
varies from 5500 to 7000 psi as the rate of straining 
increases from 0-050 to 0-400 in. per min at 104° F. 
For one acetate formulation, the yield point and fracture 
stress have been shown to increase with increasing 
strain rate in tension, compression and torsion; the 
modulus of elasticity in tension and torsion was in- 
dependent of strain rate and the modulus of compression 
increased with increasing rate of strain. 

As part of the programme of fundamental research 
into the mechanical properties of plastics sponsored 
by the Plastic Materials Manufacturers’ Association, 
workers at the Massachusetts Institute of Technology 
have made a study of the effect of speed of test on the 
strength properties.2, Using three formulations of 
cellulose acetate butyrate, two grades of paper-base 
laminates and a fabric-base laminate, they found that 
flexural maximum stresses are substantially linear 
functions of the logarithm of the rate of load and that 
maximum compressive stresses are similar functions of 
the rate of crosshead motion. 

An intensive study of long-time creep and tensile 
tests was undertaken recently.* These factors must be 
taken into account in fan blades resisting centrifugal 
stresses, material around metal inserts under stresses 
from differential contraction, parts under direct load, 
pieces subjected to stress due to differential water 
absorption, and mouldings which shrink in a high 
ambient temperature. Creep tests are also thought to 
be related to fundamental physical properties, and they 
are, of course, essential in designing plastics for light 
structural uses. 

In our present state of knowledge of plastics pro- 
perties, it is advisable to make a model of a new design in 
the material from which the product will be moulded. 
While the model will not have the same physical 
properties as the final product, an indication of the 
impact strength and other values will be given. The 
first samples should also be tested under use conditions. 
The mould can then be modified to strengthen points of 
probable failure. 
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A Magnetic Method for Measuring the Temperature of 
Moving Wires 


By A. MOLEs. 


(From Mesures & Contréle Industriel, Vol. 16, No. 166, March, 1951, pp. 97-98, 3 illustrations.) 


The necessity for accurately measuring the temperature of a moving wire arises in the continuous heat- 
treatment of steel wire and strip of a diameter or thickness ranging from 4 mm to several millimetres. 
There has hitherto been no simple, direct method available for this purpose, the most suitable of those in 
existence, the disappearing-filament pyrometer, requiring the services of a special operator and being 


non-recording. 


The arrangement described below uses the principle of temperature variation of the 


magnetic permeability of ferrous metals, is simple and convenient, and affords an opportunity for 
remote recording. 


THE possibility of using the change in magnetisation of 
a heated wire to measure its temperature has long been 
recognised ; but the direct method of determining the 
disappearance of magnetisation in the vicinity of the 
lower transformation point has not yet been used in 
practice. Curves furnished by DEJEAN for the variation 
of the permeability factor with temperature indicate that 
the permeability varies very regularly with temperature 
(see Fig. 1), at least in sufficiently powerful magnetic 
fields ; in fields above 50 Gauss, a parabolic formula of the 
type Hr = bs59 — K (T — 550)? can be used between 500 
and 760° C to determine the temperature, the only 
coefficient K depending on the nature of the steel and 
varying only slightly with the carbon content in the case 
of steels of ordinary drawing and stamping quality. 
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Fig. 1. Permeability-temperature curves for 0:2 per cent 
carbon steel in magnetic fields of varying intensity H. 


The method consists essentially in continuous 
measurement of the apparent permeability of a moving 
steel wire. The instrumental arrangement is very 
simple, distant-reading can be used, and the operative 
skill inseparable from the use of optical methods is 
superfluous. The apparatus according to this patented 
method determines the coefficient of mutual induction 
between two coils magnetically coupled by the moving 
wire itself, through one of which an alternating current 
of, for instance, 50 cycles is passed. A reliably constant 
frequency is essential. In such an arrangement, the no- 
load e.m.f. on the secondary is proportional to the 
secondary magnetic flux and, thus, to the permeability 
of the wire moving in the primary field. If an a.c. 
voltmeter with high ohmic resistance is connected across 
the secondary terminals, the permeability of the wire 
can be measured. The instrument can be directly 
calibrated to indicate either permeability or temperature 
direct, for any given type of steel. 

Fig. 2 shows a sketch of the arrangement, as used for 
testing 8 mm wire. The induction coil J is wound on a 
ceramic base and forms a robust and high-temperature- 
resistant assembly. The coil is fed from a 600-watt 
transformer with a current of 15 amps, this value being 
regulated by a control ammeter A through a resistance 
R in the primary. An induced electromagnetic field 
of about 120 Gauss is thus obtained, for which the 
permeability varies very regularly with temperature. 
Two magnetic screens, E’, protect the second or 
measuring coil M from the leakage flux of the primary 
field, so that the two coils are coupled exclusively by 
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the moving wire, passing axially through them. The 
measuring coil is similarly wound on a ceramic base, and, 
for the particular case of 8 mm wire, has an internal 
diameter of 4 cm and a length of the order of 10 cm, 
with a view to enclosing the least possible length of wire 
and thus reducing error due to fluctuating wire diameter. 












MEASURING 
VOLTMETER 


HOV SOcps 





Fig. 2. Arrang t for per bility ts in 
moving wires. 


The millivoltmeter used may conveniently be of the 
distant-reading type and provided with separate scales for 
voltage and cold permeability (as a reference standard) 
as well as with temperature scales graduated for different 
carbon contents of the tested wire ; the carbon content 
is, of course, initially unknown, but can be determined 
by reference to the cold-permeability scale. Calibration 
is by reference samples of wire about 1 metre in length 
of known carbon content. The calibration is valid only 
for a particular wire diameter and must be repeated for 
different diameters. The temperature scales are placed 
one above the other and read from right to left, the 
permeability being of the order of zero for 750° C, in 
ferrous metals. The arrangement can be used, with 
suitable re-calibration, for all magnetic alloys, and is 
thus suitable for controlling the heat-treatment, or 
testing, of nickel wires and all forms of wire and strip 
to be annealed or tempered, e.g., safety razor blades, 
with very little modification of the coils. Instead of a 
millivoltmeter, a thermocouple with registering device 
can be used, enabling control of continuous heat- 
treatment processes, if a suitable time constant of the 
order of 2-3 seconds is used to prevent violent fluctua- 
tions in the supply current. 

By virtue of the principle employed, the apparatus 
cannot measure temperatures above the Curie point, 
but since continuous heat-treatment furnaces can usually 
be sectionalised, control can be effected by placing the 
arrangement at the outlet of a primary furnace, having a 
temperature some 60° C below the end temperature 
desired and below the Curie point, and by using a supple- 
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mentary furnace to attain the end temperature. Since 
the output of such a furnace can be very accurately 
regulated, it is only necessary to control the temperature 
in the primary furnace, and thus obtain a very accurate 


means of temperature regulation in the wire. The 
error of the apparatus depends only on fluctuations in 
the wire diameter of the coils ; this is usually very low, 
of the order of 20° at 700 C. 


U.S 


Embrittling Effect of Steam on Stainless at Elevated 
Temperatures 


By C. A. ZAppFE and F. E. LANDGRAF. 


(From Steel, Vol. 128, No. 18, April 30, 1951, pp. 54-57 and 81-82, 


5 illustrations.) 


Hardened steels which endure a full bend after quenching from a dry atmosphere fail at a relatively low 


bend angle if steam is admitted to the heat-treating furnace. 


Causes and cures of this hydrogen 


sensitivity are examined by the authors, who base conclusions on research conducted under sponsorship of 
the Office of Naval Research, Washington. 


THREE years ago a paper! was published detailing the 
thermodynamic theory for a number of steam-metal 
reactions, and specifically from the standpoint of the 
chemical activity or fugacity of the hydrogen developed. 
The principal hypothesis was that any coincident 
reaction dependent upon the steam-metal reaction, 
such as solution of the hydrogen in the metal, is primarily 
related to the surface fugacity of nascent hydrogen 
and not to subsequent by removed atmospheric propor- 
tions of molecular H,. 

If a steam boiler ever were made a closed thermo- 
dynamic system, pressures of molecular H, would 
accumulate which no boiler could withstand without 
explosion. Since these pressures of H, greatly exceed- 
ing atmospheric are generated by the localized steam- 
metal reaction and the nascent or atomic hydrogen it 
produces, conclusions regarding the ability of steam to 
inject hydrogen into the metal should be based upon the 
thermodynamics of the surface reactions. These 
then show that steam in its effectiveness as a hydro- 
genizer may be equal to perhaps some hundreds or even 
thousands of atmospheres of pure molecular H,, depend- 
ing, of course, upon additional modifying factors. 

One of the most important of these is the fact that 
the steam-metal reaction producing the hydrogen also 
simultaneously produces an oxide of the metal which 
in most cases is not removed, but remains to protect 
the metal from further reaction. This renders the 
problem primarily a kinetic one, for which thermo- 
dynamics can only indicate the direction the reaction 
will take and the limits to which it can go. Experi- 
ment then becomes necessary to demonstrate the degree 
to which such reactions commonly proceed and the 
importance, if any, with respect to the properties of the 
metal. 

For this, a special bend test was developed”, con- 
sisting essentially of a machine having a rotating shaft 
turning at the rate of 5 degrees of arc per second, upon 
which a die is mounted for bending rod or bar around a 
fixed radius. Fracture of the specimen automatically 
stops the motor, and the angle of fracture is then read 
as a measure of the bendability. 

Application of this test to class I (hardenable) 
grades of stainless steel in the first stage of the research 
provided ‘‘ standard’ bendability values; and these 
same steels were then heat-treated in atmospheres 
specially controlled with regard to steam content. 
The results of this second stage of the work* demon- 
strated so forcefully the importance of the damage done 
to steel by steam that work was continued to provide 
the results of the ensuing discussion. 

Experimental Procedure. In Table I, steels are listed 
which served as specimens. Type 410 is designed to 
serve in steam turbines. Type 440-C was chosen 
because it represents the most hardenable of the stainless 
steels and also the most susceptible to hydrogen em- 
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TABLE I. ANALYSIS OF SPECIMENS. 





Composition in per cent. 








Aisi Steel No. | co | ic Ni 
410 (heat I) 12-63 0-102 

410 (heat II) 12-65 0-13 

414 12-32 0-107 1-68 
430 16:97 | 0-072 

40-C 16-88 | 1-012 





brittlement. Type 414 was included as a representative 
of hardenable alloys having a nickel content ; and type 
430 was introduced from class II as a relatively non- 
hardening steel to show the great scope of the hydro- 
genizing problem. 

Specimens were cut 4 inches long from }-inch round 
bar stock, washed in alcohol, cleaned with emery paper, 
and placed as duplicates in an alundum boat in the heat- 
treating furnace. The end later to be inserted in the 
bending die was marked with a file. Because of slight 
variations in bendability from heat to heat in a given 
analysis, and even from bar to bar within one heat, each 
series of tests was conducted with specimens cut from 
one bar if possible. In general, data within one series 
are closely comparable, but one series may not always 
conform closely with another series of the same grade. 

A horizontal tube (1$-in. i.d.) furnace, electrically 
heated, was fitted with sealed ends connected to a gas 
train and arranged with a thermocouple, the tip of which 
was at a point 1 in. from the marked end of the specimen. 
This permitted close measurement and control of the 
heat-treating temperature at the position on the speci- 
men later to endure the bending. 

For steam atmospheres, several means were used to 
introduce the gas. No distinctions among various 
techniques could be made, because in all experiments 
the steam proved to be such a powerful hydrogenizer 
that the type of control was unimportant. 

Elaborate Drying Train. For a contrasting dry 
atmosphere, a gas train was arranged consisting of 
two calcium chloride columns, three spiral Milligan 
gas-washing bottles containing concentrated H,SO,, 
and four P,O; columns. The reason for this rather 
elaborate train also follows from the extraordinary 
hydrogenizing power of H,O and the great sensitivity 
of certain of the steels to hydrogen. Either helium or 
air was passed through this train, and the pressure of 
the carefully dried gas in the furnace was kept slightly 
above atmospheric to protect against inleaking. 

Hardening and quenching procedures more or less 
followed mill practice, with exceptions to be noted. 

Dry vs. Moist Atmospheres. In Fig. 1, shaded 
bands designate in terms of bendability the injury done 
to several typical grades of stainless steel by steam. 
The upper boundaries represent averages for specimens 
hardened from an atmosphere of dried air, the lower 
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for an atmosphere of steam. Hardening time was 15 
minutes and the hardening temperatures were as 
follows : 


TaBLe II. EFFECT OF MOISTURE IN THE HEAT-TREATING ATMOS- 
PHERE ON THE BENDABILITY OF HARDENED TYPE 414. 





Hardening Treatment* Angle of Bend 


Type Temperature, “C 15 mins: dry air 22, 23, 30, 31, 33, 34, 36 (Av. = 32) 
410 985 15 mins: steam** 10, 11, 12 
(rir peeratre oye 14 mins. in evacuated dry 
430... seen eee seeeee 1000 tube at 10-3 cm followed 11, 12, 12 
f= eT 1040 by 1 min. steam 
Same, but 2 min. of steam 12, 13, 14 


Previous studies with 410 showed a full bend of 180 
degrees for an air atmosphere, whereas the upper 
boundary of the shaded area in Fig. 1 shows failure 
near 110°. This can be attributed to the higher carbon 
content of the present specimen—0-132 as compared to 
0:10—which is listed as heat II of the 410 analysis in 
Table I. 

Pronounced Effect on 440-C. As for type 440-C, 
this is at once the least ductile of the stainless steels 
when fully hardened, and the most sensitive to hydrogen. 
Bendability, already in the low range of 12 to 15 degrees, 
is reduced to only 5 or 6 degrees when steam is admitted 
to the heat-treating atmospheres. This is a virtually 
glass-like condition and, in view of the difficulty in 
handling the grade in the hardened condition anyway, 
it would seem to be urgent advice that precautions be 
taken in plant practice to exclude steam from the 
furnace atmosphere during heat treatment. 

In Fig. 2, bendability data are plotted for a duplicate 
series of hardening treatments—one in dry air and one 
in steam—for the nickeliferous type 414. These are 
typical in showing values which are extremely low, and 
consistently so, when steam is present. The values for 
dry air are definitely much higher, but they are often 
erratic, at least for this grade. 

This lack of close agreement for the specimens 
quenched from dry atmospheres, along with other 
observations to be discussed later, increased the sus- 
picion that extremely small traces of H,O could notice- 
ably affect bend values. Experiments were accordingly 
conducted, from which the drying train was developed 
as described earlier and the amount of moisture present 
in the furnace was reduced by drying treatments lasting 
as long as four days previous to running an experiment. 
Some more or less promising results were obtained ; 
but complexities remain to be resolved in the quantitative 
study of the effect of moisture, and the present discussion 
will restrict itself to more or less qualitative aspects. 
There is also the possible factor of residual hydrogen in 
the specimens inherited from previous 


* Quenched from 1050 C into oil at R. T. 
** Vapour pressure 1 atmosphere. 





damage seems to be contributed by further exposure 
up to the full 15 minutes. As a matter of fact, one 
might expect that a maximum hydrogenizing occurs 
in early exposure periods, perhaps modifying toward 
a point of disappearance as the oxide coating develops 
its protective effect and slows the hydrogen-generating 
reaction. 

Temperature of Quench. Because of a possible effect 
of conditions in the quenching operation itself, two 
factors were given preliminary evaluation: (1) Tem- 
perature of the quenching oil and (2) temperature of the 
specimen at time of test. 

For the first, a series of type 414 specimens was 
quenched from a dry atmosphere into oils ranging in 
temperature from —10° to 50° C. Each specimen was 
transferred to the bend machine and subjected to test 
within 20+2 seconds of withdrawal from the bath. 
In some cases the die also was cooled or warmed to 
the approximate temperature of the quench. The 
results were inconclusive ; but there seemed to be a 
loss in bendability indicated for oil and testing tem- 
peratures below 20° C. 

This was substantiated by the second series, in 
which the specimens, after quenching in oil at a given 
temperature, were transferred to a second bath at room 
temperature and were then tested: A loss of some 15 
degrees of bend again occurred when the testing was 
performed at temperatures much lower than 10° or 
20° C, but this was then recuperated by the warming to 
20° C before testing. The results, though incomplete, 
are mentioned because of their suggestion of a possible 
role both of “‘slip-transition temperature” and of 
temperature of the quenching bath so far as some 
properties of these steels are concerned. The matter 
is believed to deserve further study. 
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Nature of Recovery. Specimens of type 410 (heat 
I in Table I) were damaged by hardening from a 
steam atmosphere, and their recovery was then studied 
in subsequent ageing treatments. Fig. 3 shows a 
series hardened to a blank bend value near 20 degrees 
and aged back to recovery of a full 180-degree bend by 
2-hour treatments in glycerine at the indicated tem- 
peratures. Very little change occurred in the 2-hour 
period at temperatures below 100° C, but recovery was 
complete at temperature above 170° C. In these tests, 
incidentally, considerable quantities of hydrogen were 
observed effusing from the steel ; and steam-embrittled 
specimens can be distinguished readily from dry-treated 
ones by the formation of bubbles upon being immersed 
in a hot liquid. 

In Fig. 4, the effect of recovery over a period of 
days at room temperature is shown. It is particularly 
interesting that this series had a full-hard bendability 
of more than 20 degrees shortly after quenching, but 
that one day later the bendability was less than 20 
degrees, and that more than a week passed before the 
values regained the as-quenched blank. A month 
later an improvement in the steam-damaged condition 
was definitely noticeable and in two months the samples 
bent 180 degrees without fracture, as did those quenched 
from a dry atmosphere. 

While the indicated reversal of the ageing curve, 
shown by a black area in Fig. 4 is not too impressive 
in change of bend angle, the variation seems clearly to 
be greater than the experimental error expected for 
those particular tests on the basis of the authors’ ex- 
perience with the bend test to date. Also, such results 
are particularly understandable because of the “ ageing 
minimum” established in other work, both with 
pickling brittleness‘ and with hydrogen embrittlement 
from electroplating’. 

Hydrogen does display exactly this behaviour, in 
that an incubation period expresses itself after the 
hydrogen has been added to the metal, and during 
which period the embrittlement spontaneously worsens. 
This can be understood on the basis of the planar- 
pressure theory®, which treats embrittlement as a 
precipitation phenomenon whose registrations from a 
mechanical standpoint require that the precipitate attain 
some minimum stage expressed in terms of pressure for 
an occluded gas phase. Quenching, of course, suddenly 
sets up the condition for precipitation, and its progress 
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with time then shows up as a spontaneous increase in 
brittleness, followed later by a decrease as the precipi- 
tated gas explodes its way toward the surface along 
intergranular surfaces, now believed associated with 
micelle-type groups of atoms from which grains or 
crystals are presumably constructed.® 

Distinction is Drawn. It should be pointed out that 
the type of brittleness with which one is concerned here 
is almost certainly the intergranular type, for which the 
active agent is elemental hydrogen and its method the 
precipitation of atomic hydrogen to form occluded 
molecular H,. The phenomenon commonly referred 
to as “‘ hydrogen attack ” is to be sharply distinguished 
as a primarily intergranular phenomenon involving 
gaseous reaction products of hydrogen with non-metallic 
components in the metal. While “ hydrogen attack ” 
is virtually restricted to elevated temperature ranges, 
and the present hydrogenizing reaction occurs in such a 
range, the factor of time strikes the distinction. 

Hydrogen is injected into the metal by the steam, 
but the quenching operation stops the internal gas 
reactions at a period too early to attain important stages 
of secondary reactions and the hydrogen remaining free 
in the lattice proceeds to precipitate much the same as 
though the steel had been heated in molecular hydrogen 
to produce embrittlement on subsequent cooling. The 
present hydrogen phenomenon is the “ pickling brittle- 
ness ”’ type, also observed in “‘ white spots,”’ “‘ flakes,” 
“* fish eyes ” and the like. 
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Heat Transfer with Superheated Steam 











By T. WIDELL. (From Teknisk Tidskrift, Vol. 80, No. 46, December 16, 1950, pp. 1165-1166, 1 illustration.) 
In calculating heat transfer with super- Taste I. CALCULATION OF HEAT TRANSFER COEFFICIENT FOR STEAM ACCORDING TO 
heated steam, for instance, in the case DIFFERENT METHODS (FOR //d — ©). 
of superheater tubes, the only bases Final | Tube | Heat transfer coefficient % Percentage deviation 
so far available for calculations were the Steam tempe-| dia- watt/m? deg. from eq. (3) 
; i i ressure rature meter wp 

aol Ps cg oral 4 7 bars Cc mm | kg m? sec eq. (3) Schack ten Bosch Schack _ ten Bosch 
1 and 9 bars (1 bar = 2:953 in. (745 mm) 150 550 26 100 580 530 1230 —9 112 
of mercury). The calculations for higher 38 100 7540 "490 t120 =10 108 
pressures made by SCHACK? take no account 500 1940 1610 3730 —17 92 
of pressure effects but only of temperature 80 500 26 100 540 515 860 —5 60 
in cases of heat transfer. Yet it would a i = — = 
be expected that the conditions of the 500 1800 1560 2610 =a 45 
heat transfer should also be affected by 40 450 26 100 490 500 600 2 23 
pressure, since such physical quantities as ‘a aaa yh = = =a pe 
viscosity, heat conductivity, and specific 500 1630 | 1520 1810 =n ll 
heat, also vary with pressure. 20 450 26 100 450 490 495 9 10 

A method of calculation of the heat i 7. | ae| ae = “Fis 
transfer coefficient was given by ten 500 1550 | 1500 1500 a ae 


Boscu?® in the form of a diagram for the cal- 





culation of heat transfer with superheated 

steam. Unfortunately, our knowledge of the viscosity 
and heat conductivity of steam is still very incomplete, 
and the data given by ten BoscH do not seem funda- 
mentally correct. With his methods, much higher heat 
transfer coefficients are obtained for high pressures 
than with ScHACK’s method. 

A new investigation of heat transfer to superheated 
steam was published by McApaMs, KENNEL and 
AppomMs! in 1950. The investigation was carried out 
using a tube 310 mm long with an external diameter of 
6:4 mm, which served as a heating element, and which 
was surrounded by a concentric tube with an internal 
diameter of 9:7 mm. The steam flow took place 
through the annular space between these two tubes. 
The inner tube was of stainless steel with an internal 
diameter of only 0-85 mm, and was heated by an 
electric current of 1,000 amperes at 15 volts, supplied by 
a d.c. generator, the current flow being through the 
tube which was used as an electrical conductor. The 
temperature at various positions along the tubes was 
measured by means of thermocouples. The tests were 
made at steam pressures from 8 to 240 bars and at 
steam temperatures between 220° and 540° C. The 
temperature difference between the walls and the steam 
ranged from 50° to 350° C. 

Evaluation of the results shows very good agreement 
with the values obtained by means of an equation of 
the known type :— 


Nu = C Re" Pr* (1) 
where Nu = ad/A = Nusselt number, Re = wp d/7 
Reynold’s number, Pr = c, 7/A Prandtl number, 


% heat transfer coefficient, A heat conductivity, 
p = mass density, 7 viscosity, c, specific heat. 
For the exponent 7 the value obtained is as high as 
0°89, whereas for other similar cases of heat transfer a 
value of 0°80 has been given. 

After the publication of these data, however, new 
values were obtained for the heat conductivity of steam. 
These new values, determined by F. G. Keyes and D. 
J. SANDELL, were much lower than those which 
McApams and his collaborators used for their test 
results. They therefore re-calculated their results on 
the basis of these new values for heat conductivity and 
with these obtained less scatter in the test points. The 
value of the exponent was then found to be equal to 





0°80 in the equation for heat transfer. The new 
formula is thus 
2:3d 
Nu = 0:0214 Re®* Pr!’ (: ) . (2) 
l 
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Equation (2) also takes account of the ratio of the tube 
length / to the equivalent diameter d, which is defined as 
equal to four times the area bounded by the total 
section periphery. 

For practical calculations, however, equation (2) 
is not easily applied, since the values for viscosity and 
heat conductivity are so variable. The calculations can, 
therefore, be made more convenient by means of a 
diagram, in which all the required physical data for 
different steam pressures and steam temperatures are 
indicated. After substituting in eq. (2) the various 
expressions for the non-dimensional numbers, the 
equation can be re-written as follows :— 


(wp)?’* 2:3d 
a= CC ——/[1 —) (3) 
d= l 
where the constant C is given by 
1 Os 
C = 0:0214 A Pr' (-) (4) 
n 





" 


$00 


200 300 400 
Fig. 1. Diagram for the calculation of the heat transfer to 
superheated steam, according to eq. (3). A) transfer 
coefficient in watts/(m2 C), wo in kg/(m2 sec), / and d in 
metres, temperature in ‘C according to eq. (5). 


Note: 1 watt/(m2 °C) 0°86 kcal/(m? hr C). 
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Eq. (4) is evaluated using the mean value for the “ film 
temperature,” that is, the mean of the steam and wall 
temperatures : 


1 
6, oe (4, i 6) ve oe (5) 
2 


On the basis of the experimental values now avail- 
able‘, and using the diagram for the heat conductivity 
coefficient, according to KEYES and SANDELL, the 
constant C can be determined as a function of the 
pressure and temperature of the steam, as shown in 
Fig. 1. 
It may be of interest to compare the results thus 
obtained with those determined by the various other 
methods of calculation. A comparison is therefore 
given in Table I, for some different cases. It is ap- 
parent from this Table that all the methods give approxi- 
mately the same results at a pressure of 20 bars. 


SWITZERLAND 


ScHACk’s formula, which, as previously stated, takes no 
account of steam pressure but only of temperature, 
gives deviations of 10-15 per cent at the highest pres- 
sures, while ten Boscu’s method, which allows for the 
effect of different pressures, gives values approximately 
100 per cent too high at pressures of 150 bars. It is, 
therefore, of considerable importance that the right 
method be used for calculations. 
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The use of Electrical Contacts in Manometers, Thermometers 
and Hygrometers 


By E. J. Stucxi, Haenni & Cie, A.G., Jegenstorf, Switzerland. 


WHEN using electrical contacts in conjunction with 
manometers, thermometers and hygrometers, certain 
important conditions must be fulfilled if absolute re- 
liability in switching is to be achieved. In most cata- 
logues, the maximum permissible load on the contacts 
is given as 6 VA at a maximum tension of 250 V. Many 
firms optimistically guarantee load-carrying capacities 
of 20 or 30 VA. Such a load, however, can only be 
carried if the speed of switching is high enough. This 
condition is very rarely fulfilled. 

In the writer’s opinion, the load-figure is not an 
adequate measure of switching-capacity, as the field of 
application is too large and varied for the load to be 
the sole deciding factor. The question as to when 
such contacts are required and under what conditions 
they can operate satisfactorily can be summarised as 
follows : 

(1) As signal indicators when a certain maximum or 
minimum value has been reached ; 

(2) as emergency switches when certain critical values 
have been exceeded ; 

(3) as automatic controls for the maintenance of a given 
pressure, temperature or relative humidity. 

In case (1), a visual or acoustic signal would be actuated. 
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The required output is usually within the given limits. 
The switching frequency will be small. 

In case (2), the switch would be required suddenly 
to switch on or off heaters, apparatus, motors, etc., 
in case of failure of the normal regulating mechanism. 
The usual function here is switching off, normally 
through protective relays, as the loads are heavy. On 
the other hand, the frequency of switching is usually 
very small. 

Conditions under (3) are again quite different. 
Here, the switching frequency may be very high, the 
action alternating between switching on and off. 

The decisive factor is the duration of the switching 
action. If the contact surfaces move slowly, arcing 
results, with consequent damage to the surfaces, and 
the performance of the switch is impaired. 


Fig. 2. Magnet and 
spring contacts. 
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Far-reaching and lengthy investigations have been 
carried out in this field, and have yielded the following 
results : 

A bellows gauge with a range of 0-500 mm water 
column equipped with a simple minimum-contact, was 
connected to a small air-pump and a counter according 
to Fig. 1. The voltage was 220 V and the load 8 VA. 
After a million switchings, wear of 0-07 mm, correspon- 
ding to about 7 per cent, was observed on the silver 
contacts. The speed of the pointer carrying the contact 
was adjusted to 1 degree of arc in one twentieth of a 
second, or to 5 degrees in 1 sec. No sticking of the 
contacts occurred throughout the run. A similar re- 
sult was obtained using a pointer-velocity of 1 degree 
per } sec, but on reducing the velocity further to 1 
degree per sec, irregular switchings and sticking were 
noted after 1 hour, i.e., after 3000-4000 switchings. 
This series of tests shows that the duration of contact 
is of the greatest importance. A movement of 2 or 3 
degrees per sec. of the contact-pointer must therefore 
be regarded as the minimum speed for trouble-free 
action. 

There are few instruments used in practice, the 
pointers of which normally move with such velocities. 
Considering, for example, the thermometer of a hot 
water storage tank, we note that a temperature drop at 
the rate of 1’ C per hour or less would be a practical 
possibility. Taking the range of the thermometer as 
0-120 C, with a dial covering an arc of 270 degrees, 
this corresponds to a speed of 1 degree per 1600 sec. 
This example illustrates how important it is to consider 





the possibility of arcing. We can also see that the prob- 
lem cannot be solved by the employment of condensers, 
or relays with an exceptionally low power-consumption. 
Considering the slow motion of the pointer, an arc 
will be maintained for several seconds, which may lead 
to sticking even with the smallest possible load and 
otherwise most favourable conditions. This was shown 
by a test using a simple electronic relay. It is necessary 
to exercise caution against well-meant optimism ; 
initially satisfactory operation is no safeguard against 
the possibility of contact-welding after several thousand 
switchings. 

Whenever there is a possibility of contact speeds of 
less than 2 to 3 degrees of arc per second, the following 
conditions should be observed :— 

Arcing must be eliminated or so reduced that its 
duration does not exceed } to } sec. Simple contacts 
may be used in cases (1) and (2), such as, for instance, 
magnet-and-spring contacts (see Fig. 2), or simple 
standard contacts provided with protective relays, 
which render the contact points currentless immediately 
on the completion of switching. The switch must then 
be re-set by hand. 

For fully automatic action, double contacts may 
be used in conjunction with relays Fig. 3a, b or c. 
Such double contacts may be set to a separation of one 
half per cent of the maximum scale reading, and are 
thus capable of maintaining a given value to within 

| per cent of the maximum reading. The operation 
of the switch is as follows : 

After making contact, the relay comes into operation 

and completes the switching operation, 
simultaneously breaking the contact- 














circuit. A switching in the opposite 
direction follows a contact made at 
the other extreme position, and the 
relay is brought back into its initial 
condition. The second contact circuit 
is broken and the first is ready for the 
next switching. 

Finally, a word about mercury 
switches, used in conjunction with 
manometers, etc. Such switches have 
the primary advantage of large current- 
carrying capacity. It must not be 
forgotten, however, that measuring 
instruments dispose of very small 
forces only, and tilting the heavy 
mercury-filled glass tubes will take 
place at the expense of accuracy. 
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big. 5a. Relay manufactured by 
Saja, A. G., Murten. 


The difference between switching on 
and off in this case becomes very large, 
so that mercury switches cannot be 
recommended for fully automatic con- 
trol purposes. Nevertheless, they are 
7 | often used as limit switches in the 
refrigeration industry. 
The construction of these switches 









is such that, on reaching a_pre- 
determined value, the switch will tilt 
and must subsequently be re-set by 
hand. For such purposes, mercury 
switches, provided they are free from 
vibration and are mounted vertically, 
will give good service. 

= Mechanical contacts on instruments 
such as those discussed above are 
often mistrusted. This mistrust is 
justified if the precautions described 
are not observed in practice, but with 
proper installation and the use of 
reliable relays, they can solve a great 




















Fig. 3b (above). Relay manufactured by Fr. Sauter, Va) fi é : 
A. G., Basle variety of switching problems with 
Fig. 3¢ (right). Relay manufactured by Ghielmetti FRT uti Gone absolute reliability. 
& Cie, Solothurn. S 47344 a | 
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Production Plunge-Cut Grinding 


By F. W. Curtis. 


(From The Tool Engineer, Vol. 26, No. 5, May 1951, pp. 28-32, 8 illustrations.) 


Plunge-cut grinding 1s done by feeding an abrasive wheel directly into a cylindrical part, so that the 


entire width of the area to be ground is finished simultaneously. 


An outstanding advantage of the 


process is the speed with which journals or bearing surfaces can be finish ground to close tolerances. 


MucH progress has been made during the past few 
years both in the grinding-machine equipment and in the 
abrasive wheels used for plunge-cut grinding, enabling 
the use of this grinding technique to be expanded 
considerably. In many cases two or more grinding 
operations can be combined into one by the use of (1) 
formed wheels to grind several diameters, (2) spaced 
wheels for finishing faces, journals or formed surfaces 
simultaneously, or (3) by applying multiple wheelhead 
grinding machines. 

One of the most common uses of plunge-cut grinding 
is for the finishing of single journals, as shown in the 
upper left, Fig. 1. The work-piece is made with a 
recess at the shoulder so that the wheel grinds only the 
diameter of the part. Stepped surfaces also can be 
plunge ground (top centre, Fig. 1) with the wheel 
feeding in at right angles to the centre line of work, 
providing the step is not too pronounced, as might be 
determined by the limitations of the wheel dressing 
or truing device. The use of spaced wheels for grinding 
two or more diameters is another broad use for plunge 
grinding, as shown in the example in the upper right. 
Such surfaces can vary in diameter and can be either 
straight, tapered or formed. 

hen a face or shoulder is to be ground simul- 
taneously with a diameter, using a straight in-feed 
wheel, as at the lower left, the usual practice is to move 
the table longitudinally so that the side of the wheel 
contacts the face of the shoulder. Normally, table 
stops are used to facilitate table movement in both 
directions, which, as a rule, is accomplished after the 
wheel has reached size. A more practical way to grind 
a diameter and a shoulder together is by having the 
wheelhead feed in at an angle rather than straight (lower 
centre). Angular spaced wheels also can be used, as at 
the lower right, to grind more than one surface at a time. 


PLUNGE GRINDING MULTIPLE SURFACES 

The choice between one or more wheels is deter- 
mined usually by their cost. If the spacing between 
wheels is not too wide, one wheel may be more econo- 
mical, but if a wide spacing exists, then separate wheels 
would be preferable. 

In plunge-cut grinding 


shape and the size of the part. The amount of stock has 
a direct relation to output, or grinding time per piece. 
Moreover, the less the stock removal, the fewer will be 
the wheel dressings required and, of course, the lower 
will be the wheel cost per piece. 


ANGULAR WHEELHEADS FOR GRINDING 

For angular plunge-cut grinding, the wheel spindle 
may be set from 10 to 45 deg. with the centre line of the 
work, depending on the ratio of the area of the face to 
the length of the diameter. Usually, the angle increases 
in proportion to any increase in the area of the face. 
There is an advantage in holding the face surface as 
narrow as is consistent with its need. At the upper left, 
in Fig. 2, is a part having proportions which could be 
greatly improved if made as shown directly below with a 




















Fig. 2. Faces of flanged shoulders should be reduced in area 
where possible. Angle of approach for the wheel should not 
be excessive. 





steel parts ranging up to 
4-in. diameter, the rate of 
stock removal is estimated 
usually at 0-001 in. per 
second. On parts of larger 
diameter, from 4 up to 6 or 
7 in., the removal is estimated 
at a rate of about 0-001 in. 
per revolution of work, while 
the surface speed of the part 
is from 60 to 75 fpm. 





SINGLE GRIND 


GRINDING CYLINDRICAL 
FORMS 
As in all cylindrical grind- 
ing, it is advisable to keep —- 
the stock removal to a mini- 
mum, consistent with the —- —f— = 

















Fig. 1. Plunge-cut grinding can 
be arranged with either straight 
or angular in-feed wheels to 
finish single or multiple dia- 


FACE AND DIAMETER 
STRAIGHT 











FACE AND DIAMETER 
ANGULAR 











meters. 
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Fig. 3. Multiple wheels can be 
used with single or double 
pindl plunge-cut grinding 
machines, using tandem, op- 
posed or angularly positioned 
wheelheads. 

















step so as to reduce the area 
of face to be ground. By 
this change the ratio of wheel 
wear between the diameter 
and the side of the wheel be- 
comes more or less propor- 
tional, so that the shape of 
the wheel remains the same 
during repeated dressings. 


WHEEL ANGLES AND SPEEDS 


If an excessive wheel angle 
is used with a wide abrasive 
wheel, as in the  spaced- 
wheel application in the 
upper right, the differential 









MULTIPLE DIAMETERS 
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OPPOSED WHEELS 


DIAMETERS AND FLANGE. FACE 








in peripheral speed of the 

wheels becomes greater, so that one wheel may operate 
at correct speed and the other one somewhat less, 
because one wheel is smaller than the other. Some 
speed differential exists with all angular wheels, so that 
calculations for overall wheel life should be analysed to 
make sure the wheel speed will remain within safe 
operating limits. 


GRINDING WITH MULTIPLE WHEELS 


Multiple-wheel plunge grinding can be performed 
with single- or double-spindle machines, of which the 
wheelheads for the latter can be spaced in tandem, 
or opposed, or at various angles to meet grinding needs. 
Fig. 3 illustrates a variety of typical multiple-wheel 
set-ups. The example at the upper left is a single- 
spindle machine with three spaced wheels for grinding 
shoulders of a transmission shaft. Special multiple 


preset diamond dressers are commonly used to true the 
wheels simultaneously and to maintain the relationship 
of the three wheel faces. For multiple diameters, as at 
the lower left, which also includes one shoulder, a double- 
spindle machine is used. One wheelhead grinds the 
stepped journal, and the other wheelhead, set on an 
angle, grinds the other journal and face. The faces of 
the flange and the diameters in the view at upper right 
are ground on a double-spindle machine, both wheel- 
heads being set angularly. The opposed wheels in the 
centre example grind the faces of a shifter groove, while 
the set-up at the lower right combines two wheelheads 
for grinding various surfaces of the flanged end of an 
axle-shaft. 

With a grinding machine of sufficient size, abrasive 
wheels up to 4-in. wide or slightly wider can be used 
in plunge-cut grinding. Beyond this range, owing 
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Fig. 4. Abrasive-wheel dressing devices are made in a variety of styles, usually of the wheelhood or table-mounted types. 


JUNE, 8951 Volume 12, No. 6 


195 











to the resultant overhang of the wheel centre and wheel, 
table traverse with a narrower wheel becomes advisable. 
On some light work, and when the outboard bearings of 
the spindle can be extended under a recessed-type 
wheel centre, wheels up to 10-in. width can be used. 
With the use of spaced wheels an overall width of 6 in. 
can be considered for normal work, and spacings of 
12 in. for lighter work. 


DRESSING AND TRUING DEVICES 

Abrasive-wheel dressing and truing devices are 
made in a variety of styles to suit the wheel form 
required, but usually are either of the wheelhood- or 
table-mounted types. In Fig. 4 the upper examples 
represent hood-mounted dressers for straight, angular 
and formed wheel dressing. The path of the quill 
holding the diamond is controlled by a cam so that, as 
the slide moves back and forth, the quill follows the 
path of the cam whether it is straight or formed. 

The cams can be made to operate with angular 
faces up to 38 degrees. Beyond this limit there would 
be undue strain on the follower, and a locking action is 
likely to occur. With more pronounced forms and 
angles, the dressing device can be made with two cams, 
one for each direction of the slide travel, and with a 
means for shifting the cam follower at each end of the 
slide stroke. 

The lower examples in Fig. 4 show table-mounted 
dressers for straight, side and radius wheel truing. 
These devices are made usually with a hinged dressing 
arm which can be swung back to clear the work so that 
the dresser can remain on the table at all times. For 
the dressing of straight wide wheels, the table-mounted 
swing-type dresser, used in combination with table feed, 
has the advantage that size can be maintained without 
other compensations, once the diamond is set in relation 
to the diameter of the work. 


CRUSH DRESSING FORMED WHEELS 

Crushroll dressing finds its broadest use in dressing 
irregularly-shaped wheels where cam-operation might 
become complicated or impossible. Crush dressing is, 
however, not too well suited for truing straight, flat 
surfaces. In principle, crush dressing is carried out by 
feeding a formed steel roll, preferably hardened, into an 
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abrasive wheel which usually is power-driven to rotate 
at a speed of from 200 to 300 fpm. An alternate 
method is to drive the crush roll which, in turn, rotates 
the wheel, although the power-driven abrasive wheel 
with the roll idling is preferred because transmission is 
more positive. 


COMPOUNDS FOR DRESSINGS 

A light oil compound, rather than emulsified com- 
pounds, should be used with crush dressing and grind- 
ing. The rolls used are commonly from 3 to 4-in. 
dia., and are provided with slots to ensure a better 
crushing action. Rolls may average from 50 to 100 
dressings before requiring regrinding. As a rule, 5 
or 6 crushing rolls and one master roll are required for 
each set-up. The master roll can be used to dress the 
abrasive wheel so that it can, in turn, be used to regrind 
the worn crush rolls. For this operation, the worn rolls 
are mounted between centres and are rotated at a speed 
of 60 to 80 fpm, and are then ground by the plunge 
method. 


HANDLING Low-Lot Runs 

Plunge-cut grinding is applied chiefly to high- 
production runs, and one machine may remain set 
up continuously for a single operation. However, 
with more recent developments in grinding machine 
controls and operation, the use of plunge-cut grinding 
is being used for low-lot runs of 12 pieces, or even less, 
providing the parts have some similarity and that they 
can be processed without too many wheel changes. For 
example, in grinding single journals on shafts, a 3-in. 
wide wheel might well handle a wide variety of parts with 
various widths of faces. Setting up for a given piece is 
a relatively simple matter. With a part located between 
centres the wheelhead is fed in to its farthest inward 
position and held. The part then is ground by move- 
ment of the handwheel adjustment to the wheelhead 
until size is reached. The wheelhead is returned, 
dial setting is made to compensate for the amount of 
stock to be removed, and the set-up is then ready for 
automatic cycling. The cycle includes rapid traverse to 
the start of the grind, a normal feed rate to depth or size, 
a dwell if desired, and, finally, rapid return of the 
wheelhead for loading and unloading. 


The Strength of Tubes under Internal Pressure at High 
Temperatures 


By E. SIEBEL and S. SCHWAIGERER. 


(From Brennstoff-Wdrme-Kraft, Vol. 


3, No. 5, May 1951, pp. 141-143, 


6 illustrations.) 
Stress calculations of structural components under creep conditions must be based on the largest permissible 


creep strain for a given or assumed service life of the structure. 


For thin-walled tubes, it is permissible 


to limit the mean strain across the tube wall, but with thicker tubes, the strain gradient across the wall 
must also be considered. Stress formulae are developed and examples given. 


IN plain carbon steel tubes working below 450° C and 
in alloy steel tubes working below 500° C, creep under 
moderate loading conditions will generally decrease with 
time and finally stop altogether without damage to the 
material. The strength of such tubes can then be 
calculated in the usual manner, provided the permissible 
stress does not exceed a value which, in a creep tension 
test at room temperature, would produce, say, 0°2 per 
cent strain in 1000 hours. However, at service tem- 
peratures above 550° C, creep usually continues until 
final fracture occurs, the creep rate increasing with 
increasing loads. Tubes working at these temperatures 
must be so dimensioned that a certain permissible creep 
extension is not exceeded within a specified time in- 
terval, for instance so that 1 per cent strain is obtained 
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only after 100,000 service hours (about 12 years’ con- 
tinuous service). For thin-walled tubes, d)/d; < 1'5, 
calculations may be based on the average creep strain 
over the wall thickness. Thus, if s, be the stress 
producing 1 per cent strain in a tensile creep test of 
100,000 hours duration at the given temperature, the 
internal pressure p, causing a mean creep strain of 1 
per cent in the tube wall after 100,000 service hours can 
be calculated from 


t 





d, 
p, = 1:15 s, log, — = 23s, (1) 
d 


i d;+t 
where d, is the outside diameter, d; the bore, and ¢ the 
wall thickness of the tube. Conversely, if the internal 
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stress system imposed by internal pressure on the tube, 
the relationship between “‘ acting’ stress s, and “ 
presentative ” creep strain e, after a given service time. 
Thus, if the total maximum creep strain e, at the bore is 
given as 1 per cent at the end of the stipulated service 
life, Figs. 4 and 1 may be combined to show the “‘ acting” 
stress s, at any point of the tube wall (Fig. 5). The 
internal pressure p which causes a stress distribution 
as shown in Fig. 5 follows from the conditions of force 
equilibrium and of purely plastic deformations : 


To To u 


‘" dx dx du, 
p | (ss —s,) — 115 5.— 15 |, (4) 
x x u, 


ri rj 1 





since for a thick-walled tube with closed ends, the 
difference of hoop and radial stress, s, — s,, at any point 
of the wall is 1-15 times the “‘ acting ”’ stress s,, according 
to the Mieses Hencky theory. If we integrate eq. (4) 
for various diameter ratios u d,/d;, assuming an 
“acting ’’’ stress distribution as shown in Fig. 5, the 
resulting values of the permissible internal pressures p 
can be plotted as functions of the diameter ratios of the 
tubes to be used, given that a maximum total creep 
strain of 1 per cent is allowed at the bore after the 
stipulated service life (Fig. 6). 

The curves of Fig. 6 show that for a pressure of 


2100 psi and a tube of the above mentioned austenitic 
steel, a diameter ratio of « = 1-4 must be accepted if 
the total creep strain at the bore is not to exceed 1 per 
cent after 100,000 hours. The calculations of eqs. 
(1) or (2) are therefore accurate enough in this case. 
On the other hand, if a diameter ratio of 2 is chosen for a 
tube of the same steel and the total creep strain again 
limited to 1 per cent after 100,000 hours, eq. (1) would 
lead to a permissible internal pressure of 


p, = 1:15 « 5700 « log, 2 = 4550 psi, 


whilst Fig. 6 shows that a pressure of 4000 psi must 
not be exceeded. In fact, an internal pressure of 4500 
psi produces 1 per cent total creep strain at the bore 
after only about 50,000 hours (Fig. 6), and the creep 
strain rises to about 2 per cent after 100,000 hours. 

Pressure increases of 10 to 20 per cent and short 
duration do not appreciably affect the total creep strain 
during the service life of the tube, so that no additional 
safety factors need be taken into account. Similar 
stress calculations are applicable where the temperature 
distribution varies across the tube wall. For thin- 
walled tubes, calculations may be based on the mean 
temperature in the tube wall. Where, however, a large 
temperature gradient exists, the temperature as well as 
the strain distribution must be considered in determining 
the “‘ acting ’’ stress at any point of the tube wall. 





THE ROLE OF ATOMIC ENERGY IN 
WORLD ECONOMY 


(Continued from page 179) 


processing plants, uranium separation plants, plutonium- 
producing reactors, research and development labora- 
tories, weapons facilities and testing areas—and 
throughout there is a vast accumulation of intricate and 
expensive equipment and highly trained people. At 
the peak are the end products—atomic weapons, 
isotopes for use in industry, agriculture, research and 
medicine, and a considerable amount of technological 
information of infinite value to tomorrow’s economy. 

As this pyramid is increased in size—something we 
are doing at a growing rate at the moment—points of 
resistance are met at a number of different places. 
There may, for example, be a shortage of reactor tech- 
nicians at one point, thus limiting the overall size of the 
structure, or there may be a critically short material at 
another. Or perhaps there are too few skilled con- 
struction workers here, or too small a capacity to supply 
vital equipment there. At each point where resistance 
is encountered, it can be overcome, but sometimes at a 
very high price. For example, we may be able to 
obtain an adequate supply of some critical material, 
only to find that we are taking it away from general 
industry, or more important, perhaps, from some other 
vital part of the national defence effort. 

When one considers the future of atomic energy 
development, it is encouraging to reflect that one part 
in each 250,000 parts of the earth’s crust is uranium. 
On this line of reasoning it can be pointed out that 
uranium is 1000 times as plentiful as gold, 100 times as 
plentiful as silver and almost as plentiful as lead or zinc. 
Significant concentrations, however, occur very spar- 
ingly. 

We now mine some deposits containing but 1 part 
of uranium oxide to each 1000 parts of ore. Like other 
minerals, those deposits which can be mined most 
economically, whether because of grade, accessibility or 
the presence of other valuable materials in the ore, are 
mined first. Today, the great bulk of our supply of 
ore comes from those deposits—the Congo, Canada and 
Colorado. But where do we go from here ? Firstly, 
we have a programme under way to stimulate exploration. 
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We want to find other deposits—preferably high-grade. 
Secondly, we are turning increasingly to lower-grade 
deposits. The most obvious of these are deposits where 
uranium can be had as a by-product of the production of 
some other valuable mineral. Thirdly, we are vigor- 
ously pursuing a research programme that we hope will 
produce economic methods for extracting uranium from 
other very low-grade deposits such as the phosphates. 
And fourthly, the prices for uranium have just been 
increased and so has the bonus payable for production 
from new mines. This is an important step. It will 
make production from lower grade deposits more pro- 
fitable to the miners. 

Economic as well as military and political competition 
with Communism figures today in any consideration we 
give to the problems of world economy and our national 
economy. Today, a healthy economy is just as much a 
part of our arsenal of defence as our supply of machine 
guns or atomic bombs. Today our economy is geared to 
our national preparedness effort, and may remain so for 
some time. How we handle ourselves now will in- 
evitably have a decisive effect upon the economic well- 
being of this country and of the whole world. If we 
wreck our economy, we will have lost in our competition 
with world Communism. If we nurture our economy 
through this emergency, and still arm ourselves and our 
allies with greater military strength than our competitor, 
we shall survive. 

Assuming that we handle ourselves successfully 
during this emergency period, let us look briefly at the 
potentially important positive rdle that atomic energy 
may some day play in world economy. To approach 
this intelligently, we should begin with the positive rdle 
today. For there is one. The total impact may be 
negative, but atomic energy nevertheless is already 
having a noticeable positive effect on our economy. 

Today there are produced by the atomic energy 
programmes of the United States, Great Britain and 
Canada, radioisotopes which may be purchased both in 
the countries producing them and abroad. These 
materials are not secret and the work that is done with 
them is not secret, although there is some measure of 
control over their use, largely for reasons of health and 
safety. 


(Concluded on page 200) 


THE ENGINEERS’ DIGEST 











BAI 
cal 
life 


the 
do’ 
ant 
it | 
sca 
dis 


an 


itic 
1 if 
per 
qs. 
ase. 
ra 


uld 


ust 
500 
ore 
2ep 


ort 
ain 
nal 
lar 
ure 
in- 
an 
rge 


ing 


le 

















CLASSIFIED ABSTRACTS 


Numerous important abstracts which, for lack of space, cannot be published in our main editorial columns, are regularly 
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BEARINGS 


On the Life of Roller Bearings 


By A. KonwauT. (From Z.V.D.J., Germany, Vol. 93, 
No. 10, April 1, 1951, pp. 257-261, 5 illustrations.) 


BALL and roller bearings are typical examples of mechani- 
cal elements in which the endurance limit, defining the 
life of the part, is of overriding importance, since it is a 
matter of experience that they are always loaded beyond 
the fatigue limit and are destined eventually to break 
down. Some means of calculating or estimating the 
anticipated life of a bearing is therefore essential. 
However, bearing life is a probability value, which 
it has hitherto only been possible to determine by full- 
scale tests on complete bearings, containing statistical 
distribution values from which a mean life for any given 
type can be calculated. Such tests are costly and tedious, 
and have hitherto been made only with a few types of 
standard bearing. The values thus obtained are plotted 
in a logarithmic diagram as straight lines, from which 
a statistical evaluation of the mean life can be made. 
Practical evaluation of these results soon shows, however, 
that the bearing life values obtained by these conventional 
methods scatter too irregularly to enable reliable 
averaging by Gaussian probability curves, and the test 
results, therefore, fail to give complete and reliable 
information. Practical considerations would dictate 
such construction of the bearing as to ensure equal life of 
all parts. If this were possible, full-scale tests would 
provide a reliable statistical basis for evaluating bearing 
life. That, however, is impracticable, while bearing 
designers are increasingly clamouring for some method 
by which they can be given more information on bearing 
design than has hitherto been provided by conventional 
test methods. Some other basis is therefore necessary 
and can be found in the introduction of a new conception 
of “‘ rolling load strength,” or endurance under rolling 
contact, such as obtains in ball and roller bearings. 
This is, in fact, preferable, since the useful life of a 
bearing is conditioned already by the first breakdown of 
any of its elements, particularly of any contact surface. 
On this basis, the tests can be applied to the material 
and not to the bearing, as is the practice with all other 
mechanical elements. Large-scale tests will then be 
capable of furnishing a sufficient number of individual 
values for proper statistical evaluation, and the test 
results will be found to scatter less. Similarly, material 
defects and material characteristics will be taken into 
account, and a more reliable basis furnished for speci- 
fying inspection and test conditions. Finally, Wohler 
curves can be plotted for the fatigue strength under 
rolling load, and suitably reliable maximum loading 
figures stated. 


BLOWERS 
A Modified Roots Blower 


By A. BAUMANN. (From Schweizerische Technische 
Zeitschrift, Switzerland, No. 5, February 1, 1951, 
pp. 74-76, 4 illustrations.) 


THE normal design of Roots blower has several dis- 
advantages: the machining processes required to 
manufacture the two impellers are complicated and 
expensive; the efficiency is low since the pumped 
volume is compressed, not inside the blower itself, but 
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Fig. 1. Modified design of Roots blower ; moment before 
opening to discharge 
The discharge volume V» is smaller than the suction volume V. 
The tubes T are slightly undercut to avoid interference. 


merely by connection with the discharge channel ; 
finally, the ensuing sudden rise in pressure creates noise. 
The suggested modified design avoids these disadvantages 
(see Fig. 1). 

Two solid circular cylinders of radius R and centre 
distance 2R, geared to rotate together at equal speeds w 
about their respective axes, each have two large semi- 
circular recesses of radius r < R cut in the longitudinal 
direction on opposite sides of their axes. The centres 
of the recess circles lie on, or near, the original circum- 
ference of the solid cylinders. Two circular tubes of 
outside radius r are fitted closely into the two recesses of 
one cylinder, whilst the recesses of the other provide 
clearances through which the tubes may pass on 
rotation. This “clearance” cylinder, though still 
pumping a small fluid volume without pre-compression, 
acts more like a rotating valve, and the discharge channel 
is so placed that the fluid carried in the interspace 
between tubes and external wall, is pre-compressed 
before the edge of the rotating valve opens to the 
discharge channel. The manufacture of all the parts is 
straightforward. Interference may occur between the 
tubes and the edges of the rotating valve, but is easily 
avoided if the interfering metal of the tubes is removed 
by a flat longitudinal milling cut. The pre-compression 
of the fluid inside the blower eliminates most of the 
running noise, increases efficiency, and permits appli- 
cation of the modified design to higher discharge 
pressures than are usual for the normal Roots blower. 


ELECTRIC CABLES 


An Investigation of Creep, Fracture, and Bending 
of Arsenical Lead Alloys for Cable Sheathing 
By C. W. Do.uins. (From University of Illinois 

Bulletin, U.S.A., Vol. 48, No. 17, October, 1950, 

60 pages, 16 illustrations.) 
THE results of a research on the properties of lead and 
lead-alloy sheathing for underground-power cable are 
given in this paper. Special emphasis is placed on the 
arsenical-lead alloys which have come into commercial 
use during the last few years. The data cover creep 
rates under steady tensile stresses up to 300 psi, time to 
fracture under steady stresses of 400 to 2000 psi, and 
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number of cycles to fracture in slow bending. These 
properties are important factors in the serviceability of 
the cable sheath. 

Small amounts of arsenic in combination with other 
constituents and with proper production technique are 
shown to produce a marked improvement in all three of 
these properties of creep resistance, life to fracture, and 
ability to withstand bending. This improvement 
appears to be due to retardation of recrystallization at the 
stresses and temperatures that are generally encountered 
by the sheaths in service. 

At the temperatures and stresses in normal service, 
the reduction in creep rates from those of commercially 
pure lead is considerable. However, for some arsenical 
sheaths that have been produced, at the upper limits of 
150° F and 200 psi which might occur for some cables 
during emergency ampere-loading in service, the creep 
resistances were little or no better than those of copper- 
bearing lead. In such cases the retardation of recrystal- 
lization appears to be offset by recovery which removes 
the straiu-hardening and thus lowers the creep resistance. 

The arsenical-lead alloys have good ductility, as is 
shown by the elongations to fracture of strip specimens 
under steady tensile stress. As the rate of strain is 
decreased with accompanying lengthening of the time 
to fracture, for a number of tests the ductility decreases 
until a minimum is reached ; then, for still lower rates 
of strain, the ductility increases. The larger the grain 
size the lower the rate of strain or stress at which the 
minimum occurs. For the alloys tested the minimum 
points are well above the range of stresses encountered 
by sheaths in service. 

The arsenical-lead alloys have outstanding ability to 
withstand slow bending of the type that occurs in service 
due to daily expansion and contraction of the cable. 
The magnitude of the improvement in this property as 
well as in other properties over the properties of copper- 
bearing lead has varied considerably, but some samples of 
arsenical lead sheaths have shown great improvements in 
overall properties. At small bending strains, the 
smaller-grain alloys give the better results ; at the larger 
bending strains, the larger-grain alloys give the better 
results. 

Reliable indications of these various properties of 
cable sheathing of any type are obtainable only from 
long-time tests. 


IRON AND STEEL 


Physical and Welding Metallurgy of Chromium 
Stainless Steels 


By H. TuretscH. (From The Welding Fournal, U.S.A., 
Vol. 30, No. 5, May, 1951, pp. 209s-250s, 34 illus- 
trations.) 


DURING the past ten years, many new developments 
have greatly increased the understanding of the physical 
and welding metallurgy of the chromium stainless steels. 
With the development of new and improved alloys, 
many additional applications have been found. More- 
over, because most of these chromium stainless steels 
are more economical than the austenitic chromium- 
nickel stainless steels, it is likely that future research will 
increase their usefulness still further. The present 
nickel shortage adds additional emphasis to the impor- 
tance of the chromium stainless steels which are generally 
not alloyed with nickel. 

The published and unpublished information, which 
has been made available by the leading laboratories, 
research investigators, and welding engineers, is 
reviewed, analysed, and interpreted. Particular em- 
phasis has been placed upon European developments 
which were the result of nickel shortages and which, 
tverefore, caused the necessity to substitute, whenever 
possible, chromium stainless steels for austenitic 
c* romium-nickel stainless steels. 

The information has been divided into three major 
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sections: (1) Physical Metallurgy, (II) Effects of 
Alloying Elements, and (III) the Welding of Chromium 
Stainless Steels. 


THERMODYNAMICS 


On the One-Dimensional Theory of Flame 
Structure 
By R. FRIEDMAN AND E., BurRKE. (From Journal of the 
Aeronautical Sciences, U.S.A., Vol. 18, No. 4, April, 
1951, pp. 239-246, 11 illustrations.) 
THE dependence of the temperature distribution in a 
premixed gas flame on burning velocity, flame thickness, 
heat-release pattern, and the physical properties of the 
mixture is calculated from the fundamental equations. 
By an analogous procedure, the local concentration of a 
chemical species created in the flame is obtained ; both 
distributions are shown to be of the same form. The 
general equations are solved for a variety of heat-release 
patterns (or species formation patterns), and numerical 
values are presented over a wide range of parameters, 
so that the influence of the pattern on the distributions 
may be seen. Solutions are obtained both under the 
assumption of constant transport coefficients—i.e., 
thermal conductivity and diffusion coefficient—and 
under the assumption that these coefficients vary with 
temperature. The results, presented in tabular and 
graphical form, may be used directly to relate experi- 
mental information of reaction-zone thickness, burning 
velocity, species concentrations, and temperatures in the 
flame zone. The flame measurements of Wolfhard are 
discussed in relation to the equations developed in this 
paper. 








THE ROLE OF ATOMIC ENERGY IN WORLD 
ECONOMY.—(Concluded from page 198.) 


The tremendous amount of potentially releasable 
energy contained in uranium has made it an intriguing 
potential source of useful power. One pound of uran- 
ium, fully consumed, would yield about 2} million kWh 
of electric power, which is equivalent to approximately 
1,250 tons of bituminous coal. 

As far as we can determine with the knowledge which 
is available to us today, it is not possible to convert 
fission energy into electric energy without passing 
through a steam or gas turbine. All we can replace 
with nuclear energy components in the conventional 
power plant, therefore, is the fire box and the boiler. 
All the heat transfer apparatus, the turbines, the 
generators and the distribution system, would remain the 
same. What we have then in uranium, as far as we 
know now, is a substitute for coal or natural gas or 
petroleum fuel in an otherwise similar system. 

Uranium has some advantages (size) over other types 
of fuel and also some disadvantages (shielding), but 
ultimately the place it will find, unless some new 
technique or information is uncovered, will be deter- 
mined by its relative cost in various areas as compared 
with other forms of fuel. But there is enough energy 
locked up in the world’s uranium resources to have a 
definite impact on world economy when it becomes 
feasible to release it in the form of electric power. 

When electricity was discovered, no person foresaw 
its potential uses or the myriad devices that were 
developed and which found a place in our economy 
because of it. And today no-one knows what techniques, 
or what instruments, for releasing and using the energy 
locked in the heart of the atom will result decades from 
now. All we can do is seek, working towards our 
short-range goals with our longer-range goals in mind, 
and with a constant effort to turn up new information 
that may revolutionise our current thinking. 

(Extract from an address by Gordon Dean, Chairman 
of the U.S. Atomic Energy Commission delivered at the 
Northwestern University Centennial Celebration, Feb- 
ruary 28, 1951). 
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More than interesting. . 











more than inspiring .. 








it will be profitable to you... because here you 
will see the latest types of instruments designed 
for producing maximum efficiency economically 
in all spheres of production. 


This is the first Exhibition devoted entirely to the 
British Instrument Industry. You will see here the 
latest products of over 150 of the leading British 
manufacturers engaged in designing and making 
instruments for use in industry, medicine and 
education. 


OPEN DAILY 11 a.m. to 8 p.m., EXCLUDING 
SUNDAY. Closes 6 p.m. Saturday, 14th July, 1951 


Be sure to visit this Exhibition—and, remembering 
the crowds that will be pouring into London for the 
Festival of Britain, it will be as well to book your 
hotel accommodation as early as possible. 





4'YMPIA-LONDON 





Organised by F. W. BRIDGES & SONS LTD. 
GRAND BUILDINGS, TRAFALGAR SQ., LONDON, W.C.2 
Phone: Whitehall 0568 Telegrams and Cables: Segdirb, Rand, London 
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ENCLOSED RACKS 


caine 


Regd. Des. No.: 858451. 





Imhof enclosed racks are available in single or 
multiple units, in 4’ and 6’ sizes, by 19” deep and 
taking 19” panels. Semi-standard variations are depths 
of 24” and widths to take 22)” panels. Special 
quotations can be given for non-standard variations. 
Extras availlable include mobile bases, gram and 








desk units, chassis, panels, handles, telescopic chassis 
runners. Write for folder giving full details. | 


ALFRED IMHOF LTD. 


112-1146 NEW OXFORD STREET, LONDON, W.C.I. 
TEL.: MUS 7878. 
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THE BRITISH INSTRUMENT INDUSTRIES EXHIBITION 


The British Instrument Industry, whose progress during the postwar years has been one of the most promising 
features of British technical and industrial development, will stage its first specialised Exhibition. Or- 
ganised by F. W. Bridges & Sons Ltd., the Exhibition will be held at Olympia, London, from Fuly 4th 


to 14th. 


More than 150 designers and manufacturers of scientific and industrial instruments will display 
products which will testify to British scientific progress and manufacturing skill alike. 
The Exhibition will be of the greatest interest, not only to research workers and educators, but also to 


practical men in industry. 


Itis hoped that the commendable efforts of organisers and exhibitors in staging 


this unique display of instruments will be richly rewarded by a large number of visitors and buyers from 


all parts of Great Britain and overseas. 


Some of the exhibitors have sent us details of the instruments they contemplate displaying and 
demonstrating, and we are publishing below a brief description of some of the instruments to be shown at 


The British Instrument Industries Exhibition. 


Airmec Laboratories Ltd., High Wycombe, 
Buckinghamshire, has scheduled for display the following 
Laboratory Instruments : 

Bridge Heterodyne Detector ; Bridge Oscillator and 
Detector ; Electronic Counter ; H. F. Signal Generator; 
L.F. Signal Generator ; Ionisation Tester; Millivolt- 
meter and Amplifier; Oscilloscope; Oscilloscope 
Camera; Phase Measuring Equipment ; Audio Power 
Output Meter; Stabilised Power Supply Unit; Surge 
Test Unit; Valve Voltmeter; Frequency Meter ; 
Radiation Monitor. 

From the Airmec range of Industrial Equipment the 
following instruments will be on show :— 

Batch Counter; Photocell Unit; Light Source ; 
Auxiliary Unit; Electronic Tachometer; Process 
Timer; Radiation Monitor; Time Interval Meter ; 
Electronic Heat Generators. 

The Airmec Photocell Equipment comprises a 
number of separate units which may be arranged in 
various combinations to satisfy a wide range of re- 
quirements. The equipment may be used in conjunc- 
tion with the Airmec Frequency Meter Type 726, 
Electronic Counter Type 704, Batch Counter Type 
808, various types of Electro-mechanical Counter, 
Electro-magnetic Mechanisms, or with various types of 
Auxiliary Unit, to perform many industrial tasks. 

The pick-up head of this equipment consists of two 
units, the Photocell Unit Type 805 and Light Source 
Unit Type 806, both of which are enclosed in identical 
robust aluminium-alloy castings. The units are 
provided with four slotted feet, and tapped front plates 
for fixing purposes. Side lugs on the castings, which 
may be drilled and tapped as required, are also provided 
to facilitate mounting. 

Both the Photocell and Light Source are fitted with 
lenses, and both have adjustable focussing arrange- 
ments. The light may thus be used as a parallel beam 
or focussed to a spot, and the photocell may be adjusted 
to obtain maximum discrimination against extraneous 
light under all conditions. 

The Light Source Unit is fitted with a 6 volt 3 watt 
lamp which is normally run from a D.C. source. This 
prevents spurious counting at mains frequency when the 
equipment is used under conditions of maximum sen- 
sitivity. 

The Photocell Unit contains a photoelectric cell and 
a buffer amplifier valve. The latter may be operated 
either as a cathode follower to enable long lengths of 
lead to be used, as an amplifier where high sensitivity is 
required, or with a relay in its anode circuit as a switching 
valve. 

The power supplies for the two units are normally 
obtained from the Auxiliary Unit Type 811, which also 
houses various types of amplifiers, relay sub-units, and 
electro-mechanical counters. When the Photocell 
equipment is used in conjunction with certain Airmec 
instruments such as the Batch Counter Type 808, 
no Auxiliary Unit is required as the power supplies for 
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the photocell and light source are contained in the 
instrument. 

Overall Dimensions : 43” long « 3$” high « 3}” wide. 

The Automatic Coil Winder & Electrical 
Equipment Co. Ltd., Winder House, Douglas 
Street, London, S.W.1., will display a wide range of 
Multi-range Test Meters and various electronic instru- 
ments. The new Model 8 AvoMeter, a 20,000 ohms 
per volt meter with a very wide coverage of ranges 
which are capable in many cases of being considerably 
extended by external accessories, will be of particular 
interest to the electronic engineer. An example of a 
100 range Electronic Test Meter known as the Test- 
Meter Type “ W ” will be shown, this instrument in 
addition to its enormous coverage of ranges being 
capable of giving full scale deflection for 10uA at a.c. 
frequencies into the audio frequency band. Other 
items of interest are the new Heavy Duty AvoMeter, a 
compact 1,000 ohms per volt multi-range instrument, a 
4,000 ohms per volt Universal AvoMinor, a Universal 
Bridge and an Electronic Test Unit capable of producing 
readings of very small values of inductance and capacity. 
A novel form of an accurate production bridge, which can 
be used in works dealing with the mass production of 
resistive components, and a Television Receiver 
Testing Unit capable of checking the aerial system in 
addition to the receiver circuitry, are some of the most 
recent developments of the Company. 

The display of Cinema-Television Ltd., Worsley 
Bridge Road, Lower Sydenham, London, S.E.26, 
will include the following instruments :— 

Microsecond Counter Chronometer for accurate time 
measurement in the range 1uS to 1 second and 10uS to 
10 seconds. Accuracy +0.005%. 

Mutual and Self Inductance Bridge. 
to 30mH full scale. Accuracy 4-1%. 

Wide Range Capacitance Bridge. Range 0-3 pF to 
100 uF full scale, Accuracy -!-1%. 

Square Wave and Pulse Generator. Providing square 
waves of 1:1 mark/space ratio of amplitude up to 50v 
peak to peak. Pulses of 0-05, 0-1, 0:2 and 0-3uS also 
available. Repetition rate variable from 5c/s to 250 
Kce/s. 

R.C. Oscillator and Automatic Frequency Monitor. 
Frequency range 10c/s to 100Kc/s with amplitude 
variable up to 30v RMS in 6002. Accuracy +0.005%. 

Electronic Frequency Meter. For quick measurement 
of frequency in the range 0 to 500Kc/s. Accuracy 
+2% 

Industrial Electronic Metal Detector. A scientificallA 
designed fully automatic inspection device that will 
detect the presence of any metal, ferrous or non-ferrous, 
in any material non-metallic in itself. 

Electronic Batching Counter for counting any pre- 
determined number from 1 to 1024, variable in steps of 1. 

Portable Metal Detector with Oscillator. For the 
accurate location of buried metal or pipes, etc. Will 
find and trace routes of pipes buried to a depth of 30 ft. 


Range 0.14H 
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Here are some details of 
Model 1049 as illustrated: 
The Double Beam Tube presents 
two simultaneous independent 
traces over the full diameter of a 
90 mm. screen, and provision is 
made for the measurement of 
both input voltage and time upon 
the calibrated dials of the instru- 
ment. The Oscillograph is par- 
ticularly suitable for obtaining 
permanent photographic records 
using the Cossor Model 1428 
Camera for which a Motor Drive 
Attachment Model 1429 is 
available. 





You are cordially invited to our 
Stand No. 123 at the British 
Instrument Industries Exhibition, 
Olympia (Fuly 4 to 14), where a 
full range of cur Instruments will 
be demonstrated. 











Please address enquiries to: 


THE COSSOR DOUBLE BEAM OSCILLOGRAPHS 








Can this 
Instrument 
solve a 
problem 


for you ? 


Widely different industries are daily finding new uses for 
the COSSOR Double Beam Oscillograph. Sometimes it 
provides the answer to an industrial problem of long 
standing. The tracing and measurement of noise, strain 
and vibration are typical everyday applications of this 
versatile instrument which is already helping engineers in 
industries as far apart as brewing and the manufacture of 
jet engines. Call on our technical advisory staff if you have 
a problem. They will quickly let you know whether the 
Oscillograph can help you. 


COSSOR 


Double Beam OSCILLOGRAPHS 





A. C. COSSOR LTD. INSTRUMENT DIVISION (Dept. HJ), HIGHBURY GROVE, LONDON, N.5. 





Telephone: CANonbury 1234 (30 lines) Cl.21* 
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Two Beam Electronic Switch. Designed to produce 
two separate beams on any standard single beam oscillo- 
scope. 

Demonstration Oscilloscope. 
purposes. Incorporating 15” 
time base etc. 

C.K. Dosimeter. A personal protective radiation 
monitor for detecting the presence of Gamma and Hard 
X-Ray radiation. Scale 0-500mR. 

Phase Correction Units for correcting phase distortion 
in any wideband amplifier. Designed primarily for 
Television Video Amplifier. 

Constant Impedance Attenuator. Attenuation range 
0-60 dB in 3dB steps. Impedance 752 or 1002, Fre- 
quency range 0-20 M/cs. 

Also a selection of Geiger Muller Tubes, Cathode 
Ray Tubes and Photo-Electric Cells. 


Electronic Instruments manufactured by A. C. 
Cossor Ltd., include the Double Beam Industrial 
Oscillograph Model 1049 which has been developed for 
use in industrial concerns and research laboratories for 
measuring phenomena of zero or very low frequency 
and to make photographic records of transients requiring 
a high photographic writing speed. The oscillograph 
incorporates the Cossor 4 in. flat-screen double-beam 
tube operating at 2 kV, but provision is made for 
operation at 4 kV when maximum spot brightness with 
hair-line focus is required. 

The Cossor Oscillograph Camera Model 1428 
provides the simplest means of recording oscillograph 
pictures, either by taking single shots of a stationary 
waveform or, alternatively, it can be used for continuous 
records of non-recurrent waveforms and slow transients 
by the moving film method. The Cossor “ Tele- 
Check ” Television Alignment Oscillator and Pattern 
Generator has been designed to enable service engineers 
to align the R.F. and I.F. circuits and to check the 
time-base linearity of commercial television receivers. 

The Cossor D.C. Pre-Amplifier Model 1430 is a 
most useful unit of laboratory equipment for the 
pre-amplification of minute potentials for presentation 
to the input of standard oscillograph amplifiers. The 
instrument is designed to cover the frequency range from 
gna to 30 Kcps, the response being 15% down at 30 

cps. 


W. Edwards & Co. (London) Ltd., Worsley 
Bridge Road, Lower Sydenham, London, S.E.26, will 
display high vacuum engineering equipment and ac- 
cessories. Complete plants for the many special appli- 
cations of low pressure have also been developed. The 
exhibits will include the following equipment :— 

Light Alloy Molt Gas Content Tester. Designed in 
consultation with the British Non-Ferrous Metals Re- 
search Association this apparatus is an excellent example 
of the way in which vacuum technique helps industry. 
When casting light alloys the quality of the casting 
frequently suffers because of the amount of gas contained 
in the melt. This tester offers a quick and easy method 
of ascertaining the quantity of this gas before casting is 
commenced, thus allowing steps to be taken to reduce 
itsamount. The method is simple, a sample of the melt 
is taken and cooled under vacuum ; the trapped gases 
escape from the metal and the amount present may 
be estimated by visual inspection during cooling and 
afterwards. 

Model 12E Coating Plant. The low cost of producing 
intricately shaped articles by plastic moulding is re- 
sponsible for a widespread displacement of metal. But 
in many cases, such as costume jewellery, motor-car 
fittings, and toys, it is often very desirable for the plastic 
article to have the characteristic lustre and appeal of 
metal. Further, as in the electrical industry, other 
jualities of metal are required in plastic articles, and 
netal coated on various bases plays an important part in 
nany modern industrial and laboratory methods. 


Designed for lecture 
tube, 2 Beam Switch, 
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Edwards vacuum coating plant is designed to produce 
metal films in a single operation, by semi-skilled labour, 
on a variety of bases, both metallic and non-metallic. 

The 12E Model coating plant is for pre-production 
research and small-scale batches and incorporates all 
the up-to-date devices from the larger bulk production 
models. Not only can all the normal duties for eva- 
porative coating be carried out, but also sputtering and 
the latest technique for preparing quartz-crystal oscil- 
lators. 


Electronic Instruments Ltd., 10 Paradise Road, 
Richmond, Surrey, will be showing a wide range of 
specialised measuring instruments. 

pH Measurement. One of the principal exhibits of 
this firm is centred around the range of E.I.L. pH 
Meters and electrodes. 

Resistance Measurement. In this section will be 
shown the Model 47 Milliohmmeter which ranges from 
a fraction of a milliohm upwards, while at the other end of 
the scale will be a Model 29 Megohmmeter which extends 
into the twenty million megohm region. 

Nucleonic Instruments. In the nucleonic field, two 
new instruments will be displayed. The first is the 
Betaray Thickness Gauge which depends upon the 
absorption of beta particles by the material under test. 
This is a well engineered and robust instrument. 

The second is the Model 32 Vibrating Reed Elec- 
trometer which is a commercial development of a design 
produced by A.E.R.E. for the measurement of very 
small ionisation currents. 

Smoke Detector. A new smoke detector will be 
shown which depends for its action upon the absorption 
of alpha radiation by smoke particles. The smoke 
detector is instantaneous in action and contains no 
moving parts or thermionic tubes. 


The exhibits of The General Electric Co. Ltd., 
will include a comprehensive display of the Company’s 
switchboard and portable indicating instruments, in the 
form of voltmeters, ammeters, wattmeters, power factor 
meters frequency meters and synchroscopes, in all 
grades and sizes. This group will also contain examples 
of the series of link testing instruments made by the 
G.E.C. 

There will be a demonstration of the Magnetic 
Sorting Bridge, with special presentation on a large 
cathode ray tube ; also a demonstration of the G.E.C. 
Photoelectric Photometer and Colorimeter. 

Instruments for the measurement of mechanical 
quantities will be represented by the Reed Vibrometer 
and the laboratory and pocket Layer Thickness Meters. 
General Electronic instruments will be represented by a 
Q-meter and a valve voltmeter. 

Light measurements will be covered by a range of 
G.E.C. illumination meters and exposure meters. 


The exhibits of Salford Electrical Instruments 
Ltd. (a subsidiary of the G.E.C.) will consist of a range 
of quartz crystals for radio uses, and also Quartz Crystal 
Activity Test Sets. 

Exhibits in the field of components will embrace 
selenium and copper oxide rectifiers and toroidal and 
“* Gecalloy ” iron dust cores. 

Instruments in the field of remote indication or 
control will be displayed in the form of the well known 
meteorological Radio sonde, the “ Rotasol” semi- 
rotary drive mechanism and the new G.E.C. electro- 
mechanical converter system. 

Apparatus for use in connection with radio-activity 
will be represented by the Alpha Hand Monitor, used 
for the detection of radio-active contamination of 
personnel. 

Optical instruments will be covered by the S.E.I. 
precision densitometer. 


Newton & Co. Ltd., 72 Wigmore Street, London, 
W.1, manufacturers of the largest range of optical 
devices in the world, will be exhibiting instruments for 
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Precision machines for the Watchmaking 
and Instrument Industries. 


Pinion Cutting Machines 
Cutter Grinding Machines 
Polishing Machines 

Pivot Burnishing Machines 
Riveting Machines 


Flat Milling Machines 
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A self-contained precision instrument which has 
given world service over many years, the 
Elcometer measures all non-magnetic coatings on 
a ferrous base or foils, with accurate readings to 
within +- 5% + °0001 in. on flat surfaces and curves. 


THE ELCOMETER 


EAST LANCASHIRE CHEMICAL CO., LTD. 
FAIRFIELD 6, MANCHESTER 


Distributors in:— U.S.A., Canada, Brazil, Mexico, Norway Sweden, 
Holland, Belgium, France, Switzerland, Germany, Italy, Australia, 
New Zealand, Fapan. 


Stowe & Bowden 
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numerous technical, scientific and educational appli- 
cations. The exhibits will include the following 
instruments :— 

Industrial Profile Projector. The main field of use 
of the Profile Projector is in the gauging of dimensional 
accuracy of small machined parts. The profile of the 
component being inspected is projected on to a screen 
on which its outline is drawn to a scale relative to the 
magnification of the instrument. By comparing the 
projected image with the outline, profile, concentricity 
and tolerances can be checked with a greater degree of 
accuracy than with other forms of gauge. Three models 
are available, with magnification factors of X10, X25 
and X100 respectively. 

An additional application of the Profile Projector is 
that when supplied with certain fixtures it may be 
employed in the detection of surface cracks, machining 
marks and other surface flaws. 

Hand Episcope. This is a general purpose Episcope 
of simple and robust construction. The body and base 
are separate aluminium castings and are so designed that 
the body, in which are contained the light source, lens 
and mirror system, may be lifted from the base and used 
to project direct from large areas such as maps, diagrams, 
etc. 

Incorporated in the base is the lifting table. The 
effective field area of the lifting table is 54” x 54” and 
the table mechanism, incorporating a powerful spring, 
is so designed that even heavy books may be supported 
for projection. 

The effective working range is from 6 to 18 feet, 
giving a projected image width of from 2’ 6” to 7’ 6” 
depending upon projection distance. 

Diascopes. Used mainly for educational purposes, 
the FS2/ME Filmstrip Diascope provides a medium 
whereby 35 mm film strip and 2” x 2” slides may be 
projected under daylight conditions up to a range of 
50 ft. Its weight, including mains transformer, is 
24 Ib. 

The Lightmaster Filmstrip Diascope is a lightweight 
projector, suitable for 35 mm film strip and 2” x 2” 
slides. It is suitable for all standard mains voltages, or 
where no electricity supply is available, may be supplied 
with a 12v. 100w. lamp to operate from accumulators. 

Epidiascopes. The “‘ Newton” Epidiascope, High 
Intensity Model NA 50, projects pictures with a depth 
of brilliance and definition that places it in a class by 
itself. It is fitted with a wide aperture Anastigmat 
Episcope Lens of 16 in. focus, together with special 
diffusion reflectors, which very greatly increase the 
brilliancy of the picture upon the screen, together with a 
ventilating fan for cooling purposes. The lamp is a 
500 watt Epidiascope lamp, and so placed that it is used 
for both the opaque and lantern slide projection, without 
having to be moved when changing from one class of 
work to the other. The lantern slide portion of the 
instrument is fitted with an Anastigmat objective giving 
the same size picture from the lantern slide as is obtained 
from the full field of the opaque projector. This latter 
is 6 in. square, but illustrations, maps, etc., up to 24 in. 
long by an indefinite width can be placed in position, and 
any portion up to 6” = 6” can be projected upon the 
screen. 

_ The ‘“‘ Wigmore ” Epidiascope has been constructed 
for use in Schools, etc. Although the apparatus has 
been produced with a view to keeping the cost as low as 
possible, satisfactory performance has been kept in view. 
lhe definition is not quite so good as that given with the 
Anastigmat Episcope lenses fitted to the ‘‘ Newton ” 
istruments ; the result upon the screen is, however, 
extremely good, and even objects which call for very 
clear definition, such as maps, etc., may be shown in a 
atisfactory manner, especially with the W.G. model. 

Fitted with a 500-watt lamp and special diffusion 

*flectors (a feature of these instruments), the brilliancy 
cf the image on the screen compares favourably with 
l1any instruments costing a great deal more. There is 
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no reversal of picture, which is, of course, projected in 
its own colours. 

Projection Microscopes. The Newton Series I and 
II Microprojectors provide the means whereby enlarged 
images may be projected from microscope slides up to 
distances of 10 feet. The Series I instrument gives 
projected magnification up to 480 diameters, while that 
of the Series II is up to 1200 diameters. 


The Ozalid Co. Ltd., 62 London Wall, London, 
E.C.2, will be displaying, in addition to drawing office 
equipment and materials, the following apparatus :— 

The ‘‘ Ozamaster” Machine gives synchronised 
exposure, development, stacking of finished prints and 
originals in one continuous operation, at a speed range 
from zero to 30 ft. per minute. The variable drive is 
controlled by a Thymotrol Electronic device. 

The ‘‘ Duplex”? Machine is intended for the small to 
medium class user and the separation of originals and 
sensitized material is done by hand. 

The ‘‘ Twelve-Six’’? Machine is an entirely new 
developing machine of streamlined design, incorporating 
the latest ideas in ammonia development. This machine 
has been designed around the Ozalid “R” machine 
which has given useful service to industry since it was 
introduced in 1937. 

The new Ozarapid Process for the rapid copying of 
all office forms and correspondence will also be demon- 
strated. Using a reflex light box as a prime factor, it 
reduces subsequent normal manual reflex processing 
down to one single, normal operation. Developing 
trays, fixing trays, water trays or tap and sink and any 
form of drying unit are dispensed with and in their 
place, is the single, small, compact Ozarapid Develop 
unit. The process is simplicity itself and a true fac- 
simile copy is obtained in under two minutes, from 
any form of original, whether transparent, opaque or 
double-sided. 


W. G. Pye & Co. Ltd., “‘ Granta” Works, New- 
market Road, Cambridge, will feature the Pye Direct 
Reading pH Meter, an entirely new instrument of 
modern design for use in industrial and research 
laboratories. This mains operated portable instrument 
embraces a number of features not hitherto found in one 
unit. These include :—low zero drift, not more than 
+0.02 pH during a day; stabilised sensitivity ; auto- 
matic temperature compensation ; high sensitivity, 100 
micro-amps/pH ;_ provision for operating additional 
external meters ; completely protected glass electrode ; 
glass and reference electrodes combined in a single dip- 
type unit ; electrodes and all accessories self-contained. 

A Precision Vernier Potentiometer to be shown is 
designed for operation from a 4-volt battery ; coarse and 
fine rheostats are provided for current adjustment. 
Three potential dials give a total range of minus 0.00001 
volt to 1.901 volts. 

The main dial has 18 steps of 0.1 volt up to 1.8 volts. 
The second dial has 100 steps each of 0.001 volt. 
The third dial has 101 steps each of 0.00001 volt. 

A range multiplier switch connects a shunt across 
the potentiometer so that 1/10th of the main current 
flows through it; at the same time a series resistor is 
inserted so that the total resistance remains unaltered. 

The Pye Audio Frequency Oscillator embodies an 
entirely new type of resistance capacitance oscillator 
circuit, in which the frequency determining elements 
have been carefully chosen to ensure stability of cali- 
bration. The oscillator incorporates a control circuit 
which maintains the output substantially constant for 
all frequencies. The output circuit is resistive to 
maintain a level frequency response over the wide range 
of the instrument. A special circuit is used to ensure 
freedom of output variation with fluctuating mains input 
voltages. 

The instrument has individually calibrated scales, 
accuracy of calibration is -|+ 1 cps below 100 cps, +1% 
above 100 cps. Total scale length is 20 in. approx. 
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@ Constant current, constant- @ Operates on A.C. mains or ar 
damping shunt with six 4 Volt Battery: Lamp 36- 
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@ Special anti-vibration, @ Enclosed in moulded case. boo 
shock absorbing feet. 


4 17% BN Ga ch 
@ No levelling required. @ Sizeapprox.73°x11}"x6y ae 


Special leaflet giving further of | 
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LATEST INDUSTRIAL LITERATURE 





1. Universal Ball and Socket Pipe Joints. 20-page brochure 
describes a wide range of ball and socket universal pipe joints, 
eminently suitable for use with saturated and superheated steam, 
high and low pressures of water, compressed air, gas, oils, petrol, 
chemicals, tar, etc. Specifications and many illustrations indicate 
the various applications of these flexible pipe joints. 

2. Portable Conveyor. Illustrated folder deals with a conveyor of 
novel design incorporating a new type of elevating gear which 
dispenses entirely with the usual carriage associated with portable 
conveyors of the large range elevation type. Built in different sizes, 
these conveyors are distinguished by the following features :—two- 
thirds of conveyor overhangs, giving maximum stacking area ; light- 
weight sectional boom ; full range of discharge heights ; hydraulic- 
ally operated legs. 

3. Chains for Industrial Applications. Profoundly illustrated 
36-page booklet of interest to designers and other engineers con- 
cerned with the numerous applications of chains to power trans- 
mission. In addition to general information on chain drives, the 
booklet contains specifications of Single, Duplex, and Triplex Roller 
Chains, Long Pitch Chains, Bush Chains and Balance Chains. 
Useful information on the erection and maintenance of chain drives, 
chain wheels and special chains is also included. 

4. Spray Equipment. Illustrated catalogue depicts a wide range 
of precision spray nozzles for a variety of liquids, pressures, tem- 
peratures, spray angles, types of spray, degrees of atomisation, etc. 
Included are nozzles specially designed to customers’ specific needs, 
and corrosion resistant nozzles made in stoneware. One section of 
the catalogue deals with the “‘ Fuelstat ” unit for oil burners. This 
unit is also useful for laboratory and pilot plant work where small 
quantities of liquid have to be pumped at high pressures. 

5. Thickness Gauge. Folder describing a pocket-sized precision 
instrument for measuring the thickness of all non-magnetic coatings— 
paint, porcelain, enamel, lacquer, plating, tinning, rubber or plastic 
films—on iron and steel bases. The instrument is also suitable for 
measuring foils and sheeting for point thickness over a large area 
quickly and accurately. 

6. Wheels and Castors. 24-page illustrated catalogue giving 
specifications and prices for a wide range of wheels and castors for 
hospital and canteen equipment, industrial trucks, etc. Illustrations 
and specifications of heavy duty castors, handcart wheels and barrow 
wheels are also included. Swivel fittings, brackets and plates are 
excellently illustrated by dimensional drawings. 

7. High Production Dynamic Balancing Machine. 12-page 
booklet describing a high production dynamic balancing machine 
for use on quantities of the same part to be balanced, yet versatile 
to be used also for odd workpieces. Chief users of this machine 
are manufacturers of crankshafts, cardanshafts, electric motors, 
wood-working machines, pump impellors, cylinders and rollers of all 
kinds. The booklet outlines the balancing principle and method, 
includes diagrammatic layout of the machine and specifications of 
the various sizes. 

8. Mould and Core Drying Stoves. 8-page illustrated brochure 
describing mould and core drying stoves incorporated in which is a 
patented system for recirculation of the drying gases at a high rate. 
Success of this system rests with the well balanced combination of 
radiation and recirculation effects. Operation of the system and 
features of design are described and illustrated. Advantages of 
conversion of old stoves are also dealt with. 

9. Rectifiers for Variable Speed Motor Drives. 8-page 
illustrated bulletin deals with the development of the glass bulb 
rectifier, comprising the normal transformer and rectifier together 
with the control gear, which enables the armature voltage and field 
current of shunt connected D.C. motors to be varied either inde- 
pendently or together to give smooth speed variation over ranges up 
to 50:1 or greater if required. 

These rectifiers are made for operation on any A.C. supply in 
types to suit most industrial variable-speed drives. Purely elec- 
tronic in action, the equipment is entirely free from vibration, 
mechanical wear, and the continued maintenance associated with 
other forms of converting equipment. 

10. Continuous Automatic Heating of Bars, Tubes and 
Sections. Illustrated leaflet outlines the advantages of an Automatic 
Vertical Slot Furnace and its application to industry. The furnace 
is designed to handle bars, tubes, sections or narrow strip—both 
ferrous and non-ferrous—from a few inches to 50 feet or more in 
length and from a few cwts. to 10 tons perhour. Advantages include 
25 per cent to 50 per cent saving in fuel consumption depending 
upon throughput and class of work ; precision heating of each piece 
within limits not obtainable with bulk heating or processing ; 
conditioned furnace atmospheres for critical surface finish, etc. 

11. Balanced Light and Colour in Industry. Well designed 
folder just issued shows typical examples of the colour effect of 
painting the background (walls) and the actual machines, with a 
contrasting colour for moving parts, etc. Two wall background 
colour schemes and 5 different machine tool colour finishes with 5 
different focal colours are included to illustrate many different 
schemes of Balanced Light and Colour. Inside the cover of the 
folder there is a colour range of oilproof machinery paints for further 
co'our harmonies and contrasts. 

12, Tool Blanks for Swiss Type Automatics. Illustrated 
4-page leaflet dealing with precision made lathe tool blanks the shanks 
of which are surface ground to close tolerance, and the cemented 
tungsten carbide tips are lapped to a high degree of finish. A 
Separate leaflet describes steady bushes and feed fingers which are 
recommended for achieving extreme accuracy in clock and instru- 
ment manufacture. 
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13. Fuel Pumps for Gas Turbines. Exceptionally well designed 
and illustrated 8-page brochure describing positive displacement, 
multiple plunger type fuel pumps which are designed to run on 
aviation kerosene or petrol without lubricant in fuel or pump. 
Performance and delivery graphs and a sectioned view of the fuel 
pump in full colour, enhance the value of this nice brochure. 

14. Linings, Coverings and Utensils for Chemical and 
Allied Industries. Illustrated leaflet depicting a wide range of 
linings, coverings, and solid mouldings used in the storage and 
conveyance of corrosive liquors, and the extraction of chemical 
fumes and slurries. 

15. Rubber Mouldings. Illustrated leaflet showing a variety of 
rubber mouldings for all purposes, such as sealing, silencing, 
suspension, protection and insulation. Special grades are manu- 
factured for resistance to oils, petrol, corrosive chemicals and ex- 
tremes of temperature. 

16. High Tensile Socket Screws. Profoundly illustrated 60-page 
catalogue contains detailed technical data to assist designers in the 
choice of screws for their particular purpose. It has been found 
that for most application the diametric size of these screws can be 
substantially less than that of ordinary screws. A large number of 
good pictures illustrate various applications, and the complete 
specifications which are included make this catalogue of interest and 
usefulness. 

17. Shockproof Quick-wiring Electrical Accessories. 24-page 
illustrated catalogue contains photographic illustrations and des- 
cription of a wide range of lampholders, socket outlets and plugs, 
ceiling fittings and wall brackets, inspection handlamps, bell trans- 
formers and transformer buzzers, and miscellaneous electrical 
accessories. 

18. Stainless Bolts, Nuts, Screws and Small Parts. Illustrated 
leaflet announcing stainless bolts, nuts, screws and small parts, 
manufactured to B.S.S. 1083, }-inch to 1 inch diameter, 28/32 tons 
tensile strength, at a fraction of the usual price. Chromium 
diffusion gives uniform impregnation up to 20/1000th inch thick 
throughout the surface of the product, including the threaded 
portions. The protective case is stainless steel, containing 30 per 
cent chromium. 

19. Flameproof Motors. Leaflet containing specifications of a 
range of natural cooled flameproof motors, including D.C. motors 
from } to 25 h.p., A.C. motors from } to 1} h.p. (one-phase) and 
from 1/3 h.p. (3-phase). Specifications of flameproof control gear 
for A.C. and D.C. motors are also given. 

20. Steel Works Lubrication. Well designed and edited 56-page 
booklet deal with all the processes and sections of an iron and steel 
works with special reference to the particularly complex lubrication 
requirements. A number of excellent drawings, tables and photo- 
graphs enhance the value of this booklet to all concerned with the 
manufacturing processes and maintenance in the iron and steel 
industries. 

21. Portable Metal Saw. Illustrated leaflet just issued announces 
a new light and inexpensive metal saw, powered by a } h.p. single 
phase electric motor, for cutting rounds, squares, flats, pipes and 
sections of ferrous and non-ferrous metals. 

22. D.C. Solenoids. Illustrated 4-page leaflet announcing a range 
of D.C. solenoids of very recent design for a great variety of industrial 
applications, especially for automatic control. 

23. Automatic Welding Process. 12-page brochure, profoundly 
illustrated with photographs and diagrams, describes a process of 
automatic submerged arc welding in which molten metal from a 
continuous wire electrode is deposited on the parent metal through a 
blanket of finely divided slag-forming material. Main characteris- 
tics of this welding process :—One-pass welds can be made in material 
up to 3” thick ; Material as thin as 18 gauge can be welded ; Welding 
currents up to 4000 amps can be used; Miulti-pass welds can be 
made in metal of any thickness ; Butt, tee and lap fillets, plug and 
other type welds can be made ; Welding screens and goggles are not 
required; There is no metal loss from spatter or vaporization ; 
Welds are smooth, clean and uniform. 

24. Vibro Dampers and Anti-Vibro Mounts. Illustrated 
4-page leaflet deals with dual purpose machinery mountings which 
stop vibration and level machines. These mountings are simple 
and efficient in design and construction and easy to instal. They 
just have to be placed in position. Specification of 12 standard 
sizes are given, and actual machinery mountings illustrated. 





MAIL THIS COUPON TODAY 





THE ENGINEERS’ DIGEST, 6.51 
120, Wigmore Street, London, W.1. 


Please send free and without obligation the literature 
indicated by the following circled numbers : 

tegdsdses € 7 & 2 12 

3 415 617 pet DT Awe es ua 


Co I ne era: Pree eee Pee er ee ee eee Ere ee 
Address 














E. & F. N. 


NOW READY 


Molesworth’s 
Handbook of 
Engineering Formule 


34TH EDITION 
F’cap 8vo. 1686 pp. 900 illustrations. 32s. 6d. net 


The new text of this completely revised, reset and 
re-illustrated edition of this well-known standard 
work, while retaining all the fundamental data 
which have made the earlier editions world famous, 
is the first edition for two generations to be reset 
and with the collaboration of a selected body of 
experts, revised throughout in order to bring it 
into line with modern practice. Conveniently 
sub-divided under the four headings: General, 
Civil and General Engineering, Mechanical 
Engineering, Electrical Engineering, it includes 
not only the new data supplied by modern 
scientific research, but also innumerable adap- 
tations of technique which have been developed 
in recent years. 

It will be indispensable to general engineers, 
consultants, and all those who wish to have by 
them, in compact form, data on one of these 
branches of engineering. 


CONTENTS 


SECTION 1—GENERAL: Standard Units. 
Mathematics. Mechanics. 
Explosives and Ballistics. 
British Standards. 

SECTION 2—CIVIL AND GENERAL ENGINEERING : 


Mathematical Tables. 
Dimensional Standards. Materials. 
Workshop Practice. Physical Data. 


Structures and 


Bridges. Welding. Concrete and Reinforced Concrete. Piles, 
Breakwaters, and Marine Works. Soil Mechanics. Roads and 
Highways. 


Surveying and Levellin Building Construction. 
Gas Supply. Hydraulics. Water Ron and Waterworks. 
Sanitary Engineering. Irrigation and Waterways. 
SECTION 3—MECHANICAL ENGINEERING: Steam Engineering. 
Railway Engineering. Power Transmission. Journals and Bearings. 
Marine Engineering. Fuel. Heating, Air-conditioning, and Venti- 
lation. Refrigeration. 

SECTION 4—ELECTRICAL ENGINEERING: Data and Laws. Elec- 
trolysis. Magnetism. A.C. Circuits. Transformers. Testing. I.E.E. 
Regulations etc. 

INDEX. 


Railroads. 


FIRST REVIEWS 


““We can recommend this work as a worthy successor to 
the ‘ Molesworths ’ which have maintained a high standard 
for nearly ninety years.” 

The Water and Sanitary Engineer. 


““We have nothing but praise for the range of subjects 
covered.” Colliery Engineering. 
‘“* The publishers are to be congratulated.” 

Welding and Metal Fabrication. 
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JUST PUBLISHED 


Mathematical Solution 


of Engineering Problems 
J. JENNINGS, B.SC., M.I.MECH.E 
Med. 8vo. 216 pp. 80 illustrations. 25s. net 


This book has been specially planned and written 
for the use of technicians who are familiar with 
the basic mathematics usually taught in an 
engineering course, but who require guidance on 
how to make the best use of their knowledge in 
the many practical applications which come their 


22 Henrietta Street, London, W.C.2 


way. 
CONTENTS 


The Analysis of Experimental Data. 
Approximate Integration. Volumes, Centroids, 
Inertia. Nomograms or Alignment Charts. Dimensional Analysis. 
Linear Simultaneous Equations. Some Mathematical Problems 
Connected with Periodic Phenomena. Statistical Methods in 
Engineering. Problems Involving Fractions and Integral Numbers. 
Index. 


Stationary Compression 
Ignition Engine 
Principles & Applications 


C. H. BRADBURY, M.I.C.E., M.I.MECH.E with a 
foreword by Sir HARRY RICARDO, LL.D., F.R.S. 


Med. 8vo. 250 pp. 156 illustrations. 24s. net 


The heat engine has largely superseded steam, 
and offers advantages over electric engines for 
innumerable engineering applications. This book 
contains essential data and original information on 
design, operation and maintenance. 

‘* Commend the volume in its present form, to all those 


whose business it is to deal with the manufacture and use 
of stationary compression ignition engines.” Engineer. 


Approximations. 


Flow Measurement 


and Meters 
A. LINFORD, B.SC., A.M.I.C.E., A.M.I.W.E. 
Med. 8vo. 356 pp. 136 illustrations. 30s. net 
A practical work, dealing with types of meter, 
the basic principles of their operation, their 
limitations, installation and maintenance. 


“© This work is well written, well illustrated, and should 
be on the shelf of any engineer who is concerned with the 
selection, installation and maintenance of flow measurement 
apparatus.” 

Journal of the Institution of Municipal Engineers. 
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NEWS OF THE MONTH 








PERSONAL 


Mr. Miles Beevor, chief secretary to the British Transport 
Commission, has been appointed deputy managing director of the 
Brush Electrical Engineering Co. Ltd., Loughborough. 

Mr. G. E. Beharrell, deputy chairman and managing director 
of the Dunlop Rubber Co. Ltd., has been elected President of the 
Society of Motor Manufacturers and Traders, 148 Piccadilly, 
London, W.1, in succession to Mr. W. Lyons, who has become 
deputy president. Mr. H. Spurrier will continue as vice-president, 
and Sir John Black has been elected vice-president and treasurer. 

Mr. M. J. Brennan, B.Sc., A.M.I.Mech.E., A.F.R.Ae.S., has 
been appointed deputy chief designer of the Saunders-Roe Ltd., 
Osborne, East Cowes, Isle of Wight. 

Mr. F. R. Bullen, M.I.C.E., M.1.Struct.E., a that 
Mr. F. E. Fowle, A.M.I.C.E., M.I.Struct.E., and Mr. F. G. 
Etches, A.M.I.C.E., M.I. Struct.E., have joined him in his con- 
sulting practice. The firm will operate under the name of F. R. 
— and Partners, Dacre House, Dean Farrar Street, London, 


Mr. Frank Burgess has been appointed a director of Whites- 
Nunan Ltd., Church Street, Pendleton, Manchester 6. In charge 
of the technical department, Mr. Burgess will deal with design 
development and pre-production work. 

Mr. H. T. Chapman, M.I.Mech.E., F.R.Ae.S., has been 
elected a director of the Hawker Siddeley Group. 

Mr. W. Eccles, M.Sc., A.M.I.C.E., M.L.Mech.E., A.M.LE.E., 
has been appointed chief engineer, and Mr. G. H. Jolley, assistant 
chief engineer, of the department of energy application engineering 
of the Metropolitan-Vickers Electrical Co. Ltd., Trafford Park, 
Manchester 17. Mr. N. R. D. Gurney, A.C.G. i, M.LE.E., has 
been appointed chief engineer, and Mr. W. E. Taylor, consulting 
engineer, rolling mills, of the department of electrical general 
engineering. Mr. W. J. Price, B.Sc., has been appointed chief 
engineer, mechanical general engineering, dealing with power 
station installations. 

Mr. R. K. Griffiths, Graduate I.E.E., has joined Lancashire 
Dynamo & Crypto (Mfg.) Ltd. as assistant sales engineer in their 
London office. 

Mr. W. C. Handley, B.Sc. (Tech.), M.I.E.E., has been 
appointed an executive director of British Insulated Callender’s 
Cables Ltd. 

Mr. J. G. Holmes has been elected President of the Illuminating 
eae Society in succession to Mr. L. J. Davies. Dr. J. W. 
. Walsh has been elected an honorary member of the Society. 

Mr. V. H. F. Hopkins, M.I.Mech.E., has been appointed chief 
engineer of Marshall, Sons and Co. Ltd., Gainsborough, and John 
Fowler and Co. (Leeds) Ltd. 


Mr. H. R. Lupton, M.C., M.A. (Cantab.), M.I.C.E., 
M.1I.Mech.E., has commenced consulting practice, particularly in 
connection with pumping and allied problems, at 36 The Avenue, 
Kew, Surrey. Telephone : Richmond 4000. 

Mr. D. McCall, M.B.E., M.I.N.A., managing director of 
Menzies & Co. Ltd., Leith, has been elected chairman of the Dry 
Dock Owners and Repairers Central Council. Mr. A. P. Traill, 
O.B.E., of Manchester Dry Docks Co. Ltd., Manchester, and Mr. 
W. B. Johnstone, of Alexander Stephen & Sons Ltd., Glasgow, have 
been elected vice-chairmen. 

Admiral Lord Mountevans, K.C.B., C.B., D.S.O., LL.D., 
has been elected chairman of Parsons Engineering Co. Ltd., 
Southampton. 

Mr. R. Salter-Bache, of Geo. Salter & Co. Ltd., West Brom- 
wich, has accepted membership of the Birmingham and District 
Advisory Committee to the Midland Regional Board for Industry. 


Mr. Douglas Sharp, M.I.Mech.E., has been appointed chair- 
man, and Mr. H. M. M. Hyslop, managing director of the Scottish 
Machine Tool Corporation Ltd. 

Mr. T. W. Stanier has been appointed general sales manager of 
Marshall Sons & Co. Ltd., Brittania Works, Gainsborough, and of 
John Fowler & Co. (Leeds) Ltd. 

Dr. J. S. Tait, B.Sc., A.R.T.C., A.M.LE.E., A.M.I.Mech.E., 
Head of the Department of Electrical Engineering, Northampton 
Polytechnic, London, E.C.1., has been appointed Principal of the 
Woolwich Polytechnic, London, S.E.1, as from September 1. 


Mr. G. H. R. Towers, managing director of John Readhead & 
Sons Ltd., South Shields, has been elected chairman of the Tyne 
Shipbuilders’ Association, in succession to Mr. J. Patton. 


Mr. O. S. Woods, A.M.L.Mech.E., A.M.LE.E., has been 
ippointed chief generation engineer (operation) of the East Midlands 
jivision of The British Electricity Authority. 


The Rt. Hon. Lord Westwood, O.B.E., J.P., F.R.S.A., has 
een elected President, and Sir Donald Bailey, Oo. B.E., D. Eng., 
Hon. M.LE.D., A.M.L.C.E., and Mr. A. C. Parkinson, F.Coll.H., 

*.LE.D., A.C.P.(Hons.), M.R.S.T., Vice-Presidents, of the 
nstitution of Engineering Draughtsmen & Designers, Grand 
suildings, Trafalgar Square, London, W.C.2. 
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BUSINESS NOTES 


The Accurate Recording Instrument Company has opened 
a new extension of 4,500 sq. ft. at their Works in Garth Road, 
Morden, Surrey. 


The Pulsometer Engineering Co. Ltd., Reading, has acquired 
the total share capital of Joseph Evans and Sons, of Wolverhampton, 
who have been pump makers since 1810. Each organization will 
continue to operate separately. 


Head Wrightson & Co. Ltd., Thornaby-on-Tees, has taken a 
substantial interest in the engineering firm of Gibson Battle, Sydney, 
N.S.W., Australia. 


W. H. Dorman & Co. Ltd., Stafford, announces the appoint- 
ment of Lieut.-Commander C. F. I. Coggins, R.N.V.R., to Far 
Eastern factory representative of the company. His address will 
be c/o Marine and Industrial Power Co. Pty. Ltd., 205 Latrobe 
Street, Melbourne. 


Blaw Knox Ltd. has moved the executive offices of the company 
to 90-94 Brompton Road, London, S.W.3. Tel. Kensington 5151. 


Mr. W. E. J. Cross, A.I.Mech.E., Midlands engineer of 
Acheson Colloids Ltd., has moved his office from Great Barr to 
Victoria Buildings, 5th Floor, Corporation Street, Birmingham. 
Tel. No. Midland 3287. 


F. J. Edwards Ltd. has opened, Sone with showrooms 
at 359-61 Euston Road, London, 1, and the F. J. Edwards 
Machine Centre, Liverpool Road, London, N.1, a gh F.... new 
warehouse in James Street, Birmingham 3. Sheet metal working 
machinery, presses and machine tools will be displayed for the 
convenience of Midlands and North of England customers. 


Follsain-Wycliffe Foundries Limited, and Varatio-Strateline 
Gears Limited, announce that Mr. T. R. Taylor of 51 Netherpark 
Avenue, Netherlee, Glasgow S.4, Tel. Merrylee 4213, has been 
appointed their Scottish Representative. 


Sir Leonard Dyer, Bart., has been elected a director of Richard 
Critall & Co. Ltd., 151 Great Portland Street, London, 


























This large cast steel hydraulic cylinder 
was oversize in the bore; Brailey de- 
posited ‘012” (radius) heavy nickel on 
five internal diameters, thus saving an 
expensive casting and preventing long 
delay in delivery while a new casting 
was made. The Brailey Process can do 
the same for you in 
salving components 
scrapped from errors 
of machining or 
through wear. 


A 32-page booklet 
covering this and many 
other applications of 
the process will be sent 
on written request to 
responsible enqutrers. 





BRAILEY ELECTROPLATERS LIMITED 


CHAPEL STREET ~ SALFORD 3° LANCS © Tel. BLAckfriars 3341/2 














yrange Fre-iivaiine Furnace Continuous Steel Strip Hardening and Tempering 
@ 
Every G.W.B. Electric Furnace 
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Aluminium Coil Annealing Continuous Bolt Heat-Treatment Installations 


gives top-line performance 





a - * 

Bell Type Bright Annealing Unit Semi-continuous Oven for Preci- Mesh-Belt Conveyor Furnace for Annealing, 
pitation Treatment of Light Alloy Brazing, Sintering, etc. 

Where a combination of high efficiency and precision of thermal 

control is required, electric furnaces by G.W.B. are the solution. 

These features, coupled with rugged construction, make all heat 

treatment units in the G.W.B.range a long term investment paying 

high dividends in performance. G.W.B. reputation is founded on 

long experience and constant research and development in all 

fields of industrial heat application. 

Send us your heat-treatment problem — our technical experts are at 

your service. 


| G.W.B. ELECTRIC FURNACES LTD 
Batch Oven for Stoving, Core DIBDALE WORKS, DUDLEY, WORCS. 


Ageing, etc. 








Proprietors: GIBBONS BROS. LTD. and WILD-BARFIELD ELECTRIC FURNACES LTD. 
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MONOCHROME—VAN DER HORST ALLIANCE SIGNED 


An agreement has been reached between the Birmingham Small 
Arms Co. Ltd., on behalf of their subsidiary, Monochrome Limited, 
of Redditch, and the Van der Horst Company of Holland, under 
which each Company will be able to use either of their two pro- 
prietary processes of hard-chromium plating cylinder liners. Van 
der Horst are thus enabled to operate the Monochrome ‘“ Honey- 
chrome ”’ process in Holland, whilst Monochrome Ltd. is enabled to 
operate the Van der Horst “* Porus Krome ” process in the United 
Kingdom. . 

For some time the merits of both processes have been appreciated 
by the engineering industries, and under this new arrangement the 
combined technical resources and research facilities of both organiza- 
tions, built up over many years, will operate to the benefit of these 
industries, and particularly of manufacturers and users of cylinders 
and liners of all types. 

For the time being, the very largest components will be sent for 
treatment by either method to Van der Horst’s Works at Hilversum, 
Holland, until the advisability of further expanding the U.K. 
capacity of Monochrome Ltd., has been considered. Monochrome 
Limited will make all necessary shipping and customs arrangements 
so that as far as their U.K. customer is concerned, it will make no 
difference whatsoever whether the actual plating is carried out in 
Redditch or in Hilversum. 


POWER UNIT FOR DIESEL-ELECTRIC LOCOMOTIVE 


Davey, Paxman & Co. Ltd., Colchester, and the British Thomson- 
Houston Co. Ltd., recently invited the technical press to a demon- 
stration of a prototype diesel-electric traction unit. 

The underlying purpose of the design of the new YL range of 
traction engines was to meet the modern demand for high powers and 
high rotational speeds, in the minimum space and with the minimum 
weight. After considerable market research, the bore was fixed at 

? in. and the stroke at 10} in. The engine is of a very compact 
design, and maximum strength with accessibility has been achieved 
with the minimum possible weight. The short stroke and large 
bore permit very robust construction, and every effort has been made 
to provide a high standard of reliability together with ease of main- 
tenance. As far as possible, all units are made as separate sub- 
assemblies, which can be pre-assembled and so give the maximum 
degree of interchangeability of parts in the most desirable form. 

The YL Series covers the power range of 384 hp to 2470 hp over 

a speed range of 600 to 1000 rpm. For continuous industrial duties, 
the speed is limited to 750 rpm (piston speed of 1310 fpm), but 
where the intermittent load factor is predominant, a maximum speed 
of 1000 rpm is permissible, with a piston speed of 1750 fpm. The 
four-valve head gives a high performance under normal aspiration 
medium pressure turbo-charging and high pressure turbo-charging, 
when air after-coolers are fitted. 
_ The B.T.H. main d.c. generator is a shunt-wound machine and 
is separately excited from an exciter which has a shunt field winding 
energised from the locomotive auxiliary supply, together with a 
differential winding carrying the armature current of the main 
generator. 








The output of the set is regulated by variation in engine speed 
and regulation of the strength of the shunt field on the exciter. 
Torque control is effected by a servo-hydraulic-operated rheostat 
also connected in the exciter shunt field circuit. A simple shunt- 
wound generator with a differential exciter is used instead of a 
conventional three-winding machine ; this results in a smaller and 
lighter generator, and also a much lighter control field, thereby 
reducing the size of the torque regulator. A series field winding is 
provided on the main generator, whereby it functions as a motor for 
cranking the diesel engine during starting. 

s Sir. John Greaves, managing director of Davey, Paxman & Co. 
Ltd., in his address to correspondents, particularly stressed the 
mportance of tract running experience in the U.K. While he did 
lot believe that in this country coal would be superseded by oil, 
here was a very large international market for British diesel traction 
‘ngines and British electrical traction equipment overseas. Bulk 
ders from British Railways were not required, but a small trickle 
f orders for prototype engines was essential to enable manufacturers 
lere to get track running experience, by which American competitors 


_ so largely through receiving large orders from their own 
ilways. 


Isothermal Transformation Diagrams. All concerned with 
1e heat-treatment of alloy steels will be interested in the very useful 
et of Isothermal Transformation Diagrams, with explanatory text, 
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recently issued by The Mond Nickel Co. Ltd. ‘They materially 
help towards the understanding and control of the heat-treatments 
of the thirteen British Standard En Steels illustrated. 

A section is devoted to such special heat-treatments as Martem- 
pering, Austempering and Isothermal Annealing. 

Copies may be obtained free of charge from The Mond Nickel 
Co. Ltd., Sunderland House, Curzon Street, London, W.1. 


FILM SHOWS AT THE EXHIBITION OF SCIENCE 


A series of programmes of scientific films from British and 
Commonwealth sources has been arranged in the South Kensington 
Science Exhibition cinema at hourly intervals from 1.00 p.m. each 
day. The programmes will continue for five months. 

The programmes include the following films :—‘* Atomic 
Physics” (Gaumont British Instructional Ltd.); ‘A Hydro- 
Carbon Story” (Specially compiled by Shell for the Festival of 
Britain); ‘‘ Colour” and ‘ The History of the Discovery of 
Oxygen” (Presented by I.C.I. Ltd.) ; “‘ The Nature of Plastics ” 
(Presented by Bakelite Ltd.) ; ‘‘ Challenge—Science Fights against 
Cancer ” (National Film Board of Canada). 

Other programmes will include a film on the research work of 
Dr. R. G. Canti, the pioneer in cinematography, at St. Bartholomew’s 
Hospital ; short films on the work of Professor Blackett on cosmic 
rays ; and of Sir Edward Appleton on the radio-waves emitted by 
sunspots. 


PRECISION FOOT OPERATED PRESS 


Caledonian Works, designers and manufacturers of special 
purpose machinery and machine tools, of Princes End, Tipton, 
Staffordshire, have developed a precision foot operated press for a 
variety of applications in the manufacture of instruments and other 
light work where high accuracy of movement and unobstructed view 
of the work are essential. 

Two models are made, one with the jaws moving in a vertical 
direction, and the other with the jaws moving in an horizontal 
direction. The press can be supplied for bench or floor mounting. 

The pO act jaws are interchangeable, upper and lower jaws 
being identical. Specially shaped jaws can be provided. The 
leverage ratio is 24:1. The movement of the treadle foot rest is 
approximately 9”. 

Due to the simplicity of the design there is very little lost motion. 
The hardened link surfaces enable the operator to acquire consider- 
able sensitivity between the pressure of the treadle and that between 
the jaws. Since the jaws may be orientated relative to the sitting 
position of the operator a position of maximum ease and effort is 
available at all times. This adjustment can be carried out by the 
operator as it in no way affects the setting of the press. 

This machine is particularly useful for press operations on small 
and very small components, especially where the components have to 
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be held in tweezers when the compact unencumbered position of the 
jaws is a great advantage. 

Specially shaped jaws enable the press to be used for shearing, 
notching, dimpling, piercing, rivet closing and clinching. It may 
also be used as a sensitive foot operated parallel action vice for 
holding components for small soldering or welding operations. 


BRITISH STANDARDS 


(Copies of British Standards may be obtained from the British 
Standards Institution, 24, Victoria Street, London, S.W.1.) 


Guide to the Method of Specifying Helical Compression 
Springs B.S. 1726: 1951 applies to the following classes of helical 
compression springs :— 

(a) Hot coiled springs, hardened and tempered after coiling. 
(b) Cold coiled springs, not hardened and tempered after coiling. 
(c) _ Cold coiled springs, hardened and tempered after coiling. 

The main purpose of this standard is to clarify the specification 
of a spring by the designer. 

In order to avoid placing on the manufacturer and inspector 
more work than is required to produce a spring that is adequate for 
the purpose intended, springs are graded in this British Standard in 
four categories. These categories range from the spring in which the 
performance is inferred from the dimensions, to the spring in which 
constant and accurate rate is the first consideration and has to be 
proved by inspection. The first category covers a considerable 
variety of springs, mainly light springs which are in common use. 
In the fourth category are dynamometer springs and balancing 
springs. The category of any particular spring will be apparent 
when the designer sets down those requirements of the spring which 
are important functionally. 

Appendices deal with dimensional and loading tolerances ; 
methods of calculating rate, maximum shear stress, and natural 
frequency ; end coil formation and methods for calculating total 
number of coils ; and glossary of terms and definitions relacing to 
coil springs. Price 4/-. 


Vulcanized Rubber Sheet for Aircraft (B.S. F. 61: 1951) 
cévers the requirements for vulcanized rubber sheet for use as one 
of the layers in self-sealing tank coverings for aircraft. Price 1/-. 


Grub Screws for Aeronautical Purposes (B.S. A.55 and 
A.56: 1951) cover the material, dimensions and finish of grub 
screws in free-cutting and in stainless steel. Price 1/- each. 


Cast Iron Economisers with Extended Surface Horizontal 
Tubes (B.S. 1712: 1951) relates to cast iron economisers having 
extended surface horizontal tubes fitted with flanges and having a 
maximum water design pressure of up to and including 650 Ib/sq. in. 
(gauge). It is concerned solely with non-steaming cast iron econo- 
misers. 

The primary purpose of this standard is to clarify the position in 
regard to the permissible pressures and temperatures for cast iron 
economisers. The limitations given in this standard are based on 
experience with the use of cast iron economisers over many years. 

This standard lays down requirements for materials and work- 
manship. In the section dealing with construction, formulae are 
included for determining the minimum thicknesses of economiser 
tubes with gills or other extended surfaces, connector bends and 
manifold pipes. Formulae for determining flange dimensions and 
the number of bolts and studs to be used are also given. The 
minimum sizes of studs to be used for certain pressures are laid 
down and also the minimum length for tapped holes. Installation 
requirements are specified together with details of the mountings. 
Inspection during construction is also stipulated together with 
details of hydraulic tests. Price 2/-. 


Tolerances for Steel Drop Forgings and Upset Forgings. 
(B.S. 1718 : 1951) has been prepared at the request of the National 
Association of Drop Forgers and Stampers and is based on tables 
submitted by that Association. 

Tolerances are given in tabular form and are designed to cover 
the general range of forgings of average form in all ordinary specifi- 
cations. 

Drop forgings are dealt with under thickness, width and length, 
draft angles, fillet and male edge radii, and quantity. Horizontally 
upset forgings are dealt with under thickness, die wear and shrinkage, 
eccentricity and off-set length bar portion and quantity. Price 2/6. 





ry oP Coulve of Cadmium and Zinc on Iron anc 
Steel (B.S. 1706 51) deals specifically with protective coating 
on electroplated aoa It does not cover coatings on sheet, strip 
or wire. 

The foreword points out that cadmium and zinc each have 
specialized fields of service, and, therefore, the metal and class o 
coating should be chosen to suit the intended purpose. 

It was impossible at present to specify completely every facto: 
affecting the performance of an electroplated coating, but in view of 
the urgent demand for some basis of comparison for such coatings 
the standard is being published in its present form. _ It covers the es- 
sential qualities of the coatings in question, stipulating limits for the 
purity of the coating, the finish and appearance of the plated surface 
the thickness and adhesion, together with appendices giving the 
methods of test. A section is also included dealing with the passi- 
vation of zinc coatings. Price 2/-. 


Seamless Low Carbon and Carbon-Molybdenum Steel 
Furnace Tubes for the Petroleum Industry (B.S. 1730: 1951) 
and Seamless Alloy Steel Furnace Tubes for the Petroleum 
Industry (B.S. 1731: 1951). B.S. 1730 provides for one grade of 
low carbon and one grade of carbon-molybdenum steel furnace tubes 
which have been based on the standard A.161 of the American Society 
for Testing Materials. 

It contains full chemical analysis as well as mechanical properties 
required of the tubes, together with tolerances and methods of test. 

B.S. 1731 provides two grades of alloy steel furnace tubes, one 
being a 2} per cent chromium, 1 per cent molybdenum, and the 
other 5 per cent chromium, } per cent molybdenum steel, which have 
been based on the standard A.200 of the American Society for 
Testing Materials. 

It contains full chemical analysis as well as mechanical properties 
required of the tubes, together with tolerances and methods of test. 
Price 2/- each. 


Classified Advertisements. 


The rate for all classified advertisements is 6d. per word ; in bold 
print 9d. per word ; minimum order 6s. Box number advertisements 
ls. extra. Instructions together with remittance must be received not 
later than the 3rd of each month for advertisements to appear in the 
same month’s issue. 





SITUATIONS VACANT 
TWO ENGINEERS REQUIRED by leading Company for 
large Palm Oil Factory in Malaya. Essentia! qualifications are 
B.O.T. Ist Class Marine Certificates in Stcam and_ Diesel. 
Attractive terms and prospects. Write with details to—Box 918, 
Dorland Advertising, 18/20, Regent Street, S.W.1 


MACHINERY, ETC., FOR SALE 
FULL STEAM IN FIVE MINUTES with B & A Electrode 
Boilers, used by British industries for 20 years. No boilerhouse, 
no flue, no attendant needed. The most compact and convenient 
steam raisers available, can go beside machines using the steam. 
Write for leaflet 127, Bastian and Allen Ltd., Ferndale Terrace, 
Harrow, Middlesex. 


NISSEN TYPE HUTS, ex-Government stock, reconditioned 
supplied ready for erection. Sizes in 12 ft. multiples, 36 ft. by 
16 ft., £80 and £60; 24 ft. by 16 ft., £56 and £42 ; 72 ft. by 16 ft., 
£150 and £109. Plasterboard huts and other buildings. Write, 
call or telephone, Universal Supplies (Belvedere) Ltd., Dept. 50, 
Crabtree Manorway, Belvedere, Kent. Telephone ERITH 2948. 


WANTED 
WANTED.—Back issues of THE ENGINEERS’ DIGEST for 
March, 1951, urgently required. Full price, 3/6 will be paid 
for each copy. Send copies to the Subscription Department, 
“The Engineers’ Digest,” 120, Wigmore Street, London, 
W.1. 


MISCELLANEOUS 


TRANSLATIONS (Technical, Commercial), all languages. 
Abstracts also supplied. Olympia Translation Service, 149 
Blythe Road, London, W.14. RIVerside 5135. 
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